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IN TRO D U CTIO N
T h is  t h e s i s  d e s c r i b e s  an  e x p e r im e n ta l  s tudy  of th e  m o tio n  
of a glow d i s c h a r g e  u n d e r  th e  in f lu en c e  of a s t r o n g  t r a n s v e r s e  
m a g n e t ic  f ie ld ,  a t  m o d e r a te  g a s  p r e s s u r e s .  C on d it io n s  w e re  
g e n e r a l ly  su ch  th a t  Cd T w as  of th e  o r d e r  of 1, w h e re  Cd i s
G “  ^
the  e l e c t r o n  c y c lo t ro n  f r e q u e n c y ,  and T e the  m e a n  t i m e  b e tw e e n  
th e  c o l l i s io n s  of an e l e c t r o n  w ith  n e u t r a l  gas  m o le c u le s .  E x p e r i ­
m e n ts  w e re  m o s t ly  p e r f o r m e d  w ith  d i s c h a r g e  c u r r e n t s  of th e  o r d e r  
of te n s  of m i l l i a m p e r e s , so  th a t  th e  d i r e c te d  v e lo c i ty  g iv e n  to  th e  
gas  by th e  io n s  and e l e c t r o n s  of th e  m o v in g  d i s c h a r g e  w a s  n e g l ig ib le  
c o m p a r e d  w ith  the  v e lo c i ty  of th e  d i s c h a r g e .
It w as  found th a t  th e  n a tu r e  of th e  m o tio n  of th e  d i s c h a r g e  
u n d e rw en t  a  r a d i c a l  ch ange  a t  p r e s s u r e s  su ch  th a t  CJ^Tg w as  of 
th e  o r d e r  of 1. At p r e s s u r e s  above  th a t  a t  w h ich  th i s  t r a n s i t i o n  
o c c u r s  th e  v e lo c i ty  of th e  d i s c h a r g e  i s  d e te r m in e d  l a r g e ly  by the  
ca th o d e  re g io n  of th e  d i s c h a r g e .  H o w ev e r  th is  r e g io n  i s  p u lled  
a long  by th e  r e m a i n d e r  of th e  d i s c h a r g e  a t  a v e lo c i ty  g r e a t e r  th an  
th a t  w hich  i t  w ould h av e  i f  i t  a lone  d e te r m in e d  th e  v e lo c i ty  of the  
d i s c h a r g e .  A th e o r e t i c a l  s tu d y ,  (a long w ith  a s u g g e s t iv e ,  b u t  not 
c o n c lu s iv e , e x p e r im e n ta l  r e s u l t )  in d ic a te s  th a t  th e  n e g a t iv e  glow 
re g io n  c o n t ro l s  the  v e lo c i ty  of th e  d i s c h a r g e  u n d e r  t h e s e  c o n d i t io n s .
T h e r e  i s  s o m e  e v id en ce  th a t  a t p r e s s u r e s  b e lo w  th e
t r a n s i t i o n  p r e s s u r e  , th e  v e lo c i ty  i s  c o n t ro l le d  by th e  anode  re g io n
of th e  d i s c h a r g e .
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C h a p te r  1
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C h a p te r  1
TH E GAS DISCHARGE IN A TRANSVERSE MAGNETIC F IE L D  -
A REV IEW  OF TH EO RY  AND E X P E R IM E N T
A gas  a t  r e d u c e d  p r e s s u r e  i s ,  u n d e r  n o r m a l  c o n d i t io n s ,  
a n o n -c o n d u c to r  of e l e c t r i c i t y .  H o w ev e r ,  i f  th e  e l e c t r i c  f ie ld  
b e tw een  a p a i r  of e l e c t r o d e s  in  th e  g a s  i s  su i ta b ly  h igh , th e  gas  
can  b r e a k  down, and a  c u r r e n t  c an  b e  c a r r i e d  th ro u g h  th e  gas  by 
the  io n s  and e le c t r o n s  of th e  now io n iz e d  g a s .
T h i s  c h a p te r  w ill  rev ie w  s tu d ie s  of th e  e ffec t  of a  m a g n e t ic  
f ie ld  p e r p e n d ic u l a r  to  th e  d i r e c t io n  of th e  flow of c u r r e n t  in  su ch  a 
d i s c h a r g e ,  on th e  b e h a v io u r  of th e  d i s c h a r g e .  A tten tio n  w ill  be  
fo c u s se d  on g e o m e t r i e s  su ch  th a t  the  m a g n e t ic  f ie ld  i s  p e r p e n d ic u la r  
to  th e  c u r r e n t  flow b e tw ee n  long p a r a l l e l  e l e c t r o d e s ,  o r  co ax ia l  
e l e c t r o d e s ,  and th e  d i s c h a r g e  is  d r iv e n  along th e  e l e c t r o d e s  by th e  
i n t e r a c t i o n  of th e  d i s c h a r g e  c u r r e n t  and th i s  t r a n s v e r s e  m a g n e t ic  
f ie ld .  C o n d it io n s  a r e  su ch  th a t  th e  r e g io n  of gas  th a t  c a r r i e s  th e  
c u r r e n t  i s  s m a l l  c o m p a r e d  w ith  the  le n g th  of th e  e l e c t r o d e s .
F ig u r e  1. 1 show s th e  t h r e e  g e o m e t r i e s  of i n t e r e s t ,  and , 
f o r  each  g e o m e t r y , th e  d i r e c t io n  of th e  e le c t r o m a g n e t ic  d r iv in g  
f o r c e  - th e  " L o r e n t z "  o r  " A m p e r ia n "  f o r c e ,  w hich  i s  g iven  by
dF = i ( d l x B )  (1. 1)
w h e re  dF i s  the  f o r c e  a c t in g  on an  e le m e n t  of len g th  dl of a  c u r r e n t ,
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FIG  1. 1 G E O M E T R IE S  O F  IN T E R E S T
(a) S t r a ig h t  p a r a l l e l  e l e c t r o d e s .  M agnetic  f ie ld  
p e r p e n d ic u la r  to  th e  p lan e  of th e  e l e c t r o d e s .
(b) C o n c e n t r ic  c i r c u l a r  e l e c t r o d e s .  T h e  a x ia l  
m a g n e t ic  f ie ld  d r iv e s  th e  d i s c h a r g e  a ro u n d  
th e  r a d i a l  gap b e tw e e n  th e  e l e c t r o d e s .
(c) C o ax ia l  c i r c u l a r  e l e c t r o d e s  of the  s a m e  
d i a m e t e r .  T h e  r a d ia l  m a g n e t ic  field , g e n e ra l ly  
p ro d u c e d  by th e  a d ja c e n t  l ik e  p o le s  of i r o n -  
c o re d  e l e c t r o m a g n e t s  , d r iv e s  th e  d i s c h a r g e  







(b) CIRCULAR- AXIAL MAGNETIC FIELD
PLAN
SECTION CC'PLAN
fc) CIRCULAR- RADIAL MAGNETIC FIELD
FIG H GEOMETRIES OF INTEREST
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i ,  in  a  m a g n e t ic  f i e ld ,  B .
E q u a t io n  1. 1 i s  m o re  c o n v en ien tly  e x p r e s s e d  in  t e r m s  of 
c u r r e n t  d e n s i ty  if  i t  i s  to  be  ap p lied  to  th e  f in i te  c u r r e n t - c a r r y i n g  
re g io n  of a  g a s  d i s c h a r g e .  In a  fo r m  s u i ta b le  fo r  th i s  a p p l ic a t io n
dF  = (j x B) dV (1 .2 )
dV = v o lu m e  e le m e n t .
S tu d ie s  of th e  e ffe c t  of a  t r a n s v e r s e  m a g n e t ic  f ie ld  on 
t r a n s i e n t  d i s c h a r g e s  ( e .g .  , a  s p a r k  d i s c h a r g e ) ,  r . f .  d i s c h a r g e s ,  
o r  th e  T o w n se n d  d i s c h a r g e  (a d i s c h a r g e  w h e re  th e  c u r r e n t  d e n s i ty  
is  so  low  th a t  th e  d i s to r t io n  of th e  e l e c t r i c  f ie ld  by th e  c h a rg e  
f low ing b e tw e e n  th e  e l e c t r o d e s  i s  n eg l ig ib le )  w ill  not be r e v ie w e d .
1. 1 G E N E R A L  R E F E R E N C E S
T h e  fo llow ing  books  and p a p e r s  w e re  m uch  r e f e r r e d  to  
d u r in g  th e  c o u r s e  of the  c a n d id a te 's  r e s e a r c h e s ,  and the  w r i t in g  
of th i s  t h e s i s ,  e s p e c ia l l y  th i s  c h a p te r  of th e  t h e s i s .  T h i s  l i s t  
in c lu d e s  th e  m o r e  im p o r ta n t  r e v ie w s  of th e  P h y s ic s  of G as  D is c h a r g e s .  
A fu ll  b ib l io g r a p h y  l i s t in g  t h e s e ,  and o th e r  r e f e r e n c e s ,  i s  g iven  at 
the  b a c k  of th i s  t h e s i s .  T he  code u s e d  to  r e f e r  to  a  p a r t i c u l a r  
p a p e r  g iv e s  th e  f i r s t  tw o l e t t e r s  of the  s e n io r  a u th o r 's  n a m e ,  
fo llow ed  by  tw o n u m b e r s  g iv ing  th e  y e a r  of p u b l ic a t io n .  L o w e r ­
c a s e  l e t t e r s  a f t e r  th i s  code  a r e  u s e d  to  d is t in g u is h  b e tw e e n  p a p e r s  
shou ld  an  a u th o r  p u b l ish  m o r e  th an  one p a p e r  in  a y e a r .
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G e n e r a l  r e f e r e n c e s
B ooks by  von E N G E L  (En 55) (one of th e  m o s t  r e c e n t ,  and 
a m o s t  u se fu l  g e n e r a l  r e f e r e n c e  on th i s  s u b je c t ) ,  COBINE (Co 41), 
E M E L E U S  (Em  51), L O E B  (Lo 39) and PENNING (P e  57). Review  
p a p e r s  by  DRUY V ESTEY N  and PENNING (D r 40), and L L E W E L L Y N - 
JONES (LI 53).
T h e  p h y s ic s  of th e  p o s i t iv e  c o lu m n  of gas  d i s c h a r g e s  w as 
d i s c u s s e d  by A LLIS (A1 56) in  tw o  of a s e r i e s  of l e c t u r e s  g iven  at 
the  L o s  A la m o s  S c ien tif ic  L a b o r a t o r y .  A t r a n s c r i p t  of th i s  s e r i e s  
of l e c t u r e s  h a s  b e e n  p u b l ish e d  a s  a  U . S . A . E . C .  r e p o r t  (L A -2055).
T he  Glow D is c h a r g e
FRA N CIS ( F r  56) "T he  Glow D is c h a rg e  a t Low P r e s s u r e "  
in  "H andbuch  d e r  P h y s ik "  V ol. 22. A m o s t  im p o r ta n t  and c o m ­
p re h e n s iv e  re v ie w .
T he  A rc  D is c h a rg e
A book  by  S o m e rv i l le  (So 5 9) and  r e v ie w  p a p e r s  by E C K E R  
(Ec 61), M A EC K ER  (Ma 51), and F IN K E LN B U R G  and M AECKER 
(F i 56).
T h e  G as  D is c h a r g e  in  a  M agne tic  F ie ld
S O M E R V IL L E 'S  D .S c .  t h e s i s  (So 53), f r o m  th e  U n iv e r s i ty  
of Sydney d i s c u s s e s  the  e f fe c t  of m a g n e t ic  f ie ld s  (p a r t i c u la r ly  t r a n s ­
v e r s e  m a g n e t ic  f ie ld s )  on low  p r e s s u r e  glow d i s c h a r g e s ,  and s u r v e y s  
th e  l i t e r a t u r e  r e l e v a n t  to  th i s  s u b je c t .
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T h e  w o rk  d e s c r ib e d  in  G U TH R IE and W A KERLIN G 'S book 
(Gu 49), a  s u m m a r y  of w a r t im e  w o rk  a t th e  U n iv e r s i ty  of C a l i f o r n ia  
R ad ia t io n  L a b o r a t o r y , i s  not p a r t i c u l a r ly  r e l e v a n t  to  the  w o rk  
d e s c r ib e d  in  th i s  t h e s i s .
F u n d a m e n ta l  P r o c e s s e s
(C o l l i s io n s ,  m o b i l i ty ,  d if fu s io n ,  io n iz a t io n ,  v e lo c i ty  
d i s t r i b u t io n s ,  e t c . )  BROWN (B r  59) g iv e s  a  c o m p re h e n s iv e  s u m m a r y  
of e x p e r im e n t a l  and th e o r e t i c a l  r e s u l t s .  L O E B 'S  books  (Lo 39,
L o  55) w e r e  a lso  v e r y  u se fu l .
In  th is  c h a p t e r ,  w h e re  no s p e c i f ic  r e f e r e n c e  is  m ad e  to  
the  l i t e r a t u r e ,  th e  p h en o m en o n  d e s c r ib e d  w ill  be  found to  be  d i s c u s s e d  
in  one  o r  m o r e  of the  above r e f e r e n c e s .
1. 2 T H E  GLOW DISCHARGE AND T H E  ARC DISCHARGE
U n d e r  d . c .  co n d it io n s  a  c u r r e n t  p a s s e s  th ro u g h  a g a s  in  
th e  f o r m  of a GLOW  DISCHARGE, o r  an  ARC DISCHARGE. T he  
f o r m e r  o c c u r s  c h a r a c t e r i s t i c a l l y  w hen  th e  c u r r e n t  i s  low ( le s s  th a n  
1 a m p e r e ,  a p p ro x im a te ly ) ,  th e  l a t t e r  a t h ig h e r  c u r r e n t s .
T h e  d . c .  g a s  d i s c h a r g e  c o n s i s t s  of t h r e e  m a in  r e g io n s :  
th e  c a th o d e  r e g io n ,  th e  p o s i t iv e  c o lu m n ,  and th e  anode re g io n .
M o s t  of the  c u r r e n t  in  a  d i s c h a r g e  i s  c a r r i e d  by e l e c t r o n s ,  w hich 
o r ig i n a t e  in  th e  ca th o d e  re g io n  and flow out of th e  d i s c h a r g e  at the  
a n o d e .  C on d it io n s  in  the  ca th o d e  re g io n  a r e  su ch  a s  to  e je c t  su f-
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f ic ie n t  e l e c t r o n s  f r o m  th e  ca th o d e  o r  p ro d u c e  su f f ic ie n t  e l e c t r o n s  
in  th e  ca th o d e  re g io n  to  m a in ta in  the  d i s c h a r g e  c u r r e n t .  T h e  anode 
re g io n  a c t s  a s  an  e l e c t r o n  s in k ,  and p ro d u c e s  enough io n s  to  p ro v id e  
the  p o s i t iv e  ion  co m p o n en t of the  c u r r e n t  in  th e  p o s i t iv e  c o lu m n .
T h e  p o s i t iv e  c o lu m n  is  a co n duc ting  p a th  co n n ec t in g  t h e s e  tw o r e g io n s .
T h e  n a tu r e s  of anode re g io n  and  p o s i t iv e  c o lu m n  of a r c  and 
glow d i s c h a r g e s  do not d i f f e r  g r e a t ly  i f  the  c u r r e n t s  and p r e s s u r e s  
a r e  of th e  s a m e  o r d e r  of m ag n itu d e  in  bo th  c a s e s .  H o w e v e r  th e  
n a tu re  of the  ca th o d e  re g io n  i s  m a r k e d ly  d i f f e r e n t  f o r  t h e s e  tw o  ty p e s  
of d i s c h a r g e ,  bo th  in  a p p e a r a n c e ,  and the  p h y s ic a l  p r o c e s s e s  inv o lv ed  
in t h e i r  m a in te n a n c e .  It i s  th i s  d i f f e r e n c e  in  ca th o d e  r e g io n  p r o p e r ­
t i e s  th a t  i s  g e n e r a l ly  u s e d  to  d is t in g u is h  b e tw ee n  the  glow d i s c h a r g e  
and th e  a r c  d i s c h a r g e .
B e c a u s e  of the  w ide ra n g e  of c o n d it io n s  u n d e r  w h ich  a d i s ­
c h a r g e  c a n  o c c u r  - v a r i a b l e s  a r e  c u r r e n t s ,  gas  p r e s s u r e  and c o m p o ­
s i t io n ,  e le c t r o d e  m a t e r i a l  and g e o m e t r y ,  c o n ta in e r  g e o m e t r y ,  and 
e x t e r n a l  h e a t in g  o r  i r r a d i a t i o n  of th e  d i s c h a r g e  - th e  p r o p e r t i e s , and 
m e c h a n i s m s  of m a in te n a n c e  of d i s c h a r g e s  can  v a r y  g r e a t l y .  T h i s  
g iv e s  r i s e  to  d iff icu l ty  in  g iv ing  a d e f in i t io n  of the  g low , and 
e s p e c i a l l y  th e  a r c  d i s c h a r g e  th a t  w il l  c o v e r  a l l  c a s e s .  (So 59)
T h e  g e n e r a l ly  a c c e p te d  d e f in i t io n  of a  glow d i s c h a r g e  i s :  
a  d i s c h a r g e  w hich  i s  m a in ta in e d  by e l e c t r o n s  r e m o v e d  f r o m  th e  ca th o d e
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b y  p a r t i c le  (and photon) b o m b a rd m e n t  (En 55). It i s  im p l ie d  th a t  
the c u r r e n t  d e n s i ty  i s  l a r g e  enough so  th a t  th e  e l e c t r i c  f ie ld  b e tw e e n  
the e l e c t r o d e s  is  d i s to r t e d  by the  c h a r g e  flow ing b e tw e e n  th e  e l e c t r o d e s .
F i g u r e  1 .2  show s the  p o te n t ia l  d i s t r ib u t io n  a long  the  a x is  of 
a ty p ic a l  glow d i s c h a r g e ,  and a ty p ic a l  low  p r e s s u r e  a r c  d i s c h a r g e .
T h e  ca th o d e  fa l l  v o ltag e  (o r  ca thode  fa l l )  i s  d e f ined  a s  th e  v o ltage  
r e la t iv e  to  th e  c a th o d e ,  of the  "k n ee "  a t the  c a th o d e  end of th e s e  
c u r v e s .  T h e  re g io n  of h igh  e l e c t r i c  f ie ld  b e tw e e n  the  ca th o d e  and 
th e  knee  i s  r e f e r r e d  to  a s  the  ca th o d e  f a l l  r e g io n  of the  d i s c h a r g e .
T h e  glow d i s c h a r g e  i s  c h a r a c t e r i z e d  by a l a r g e  ca th o d e  fa l l  v o lta g e  - 
in  the  r a n g e  of 100 to  500 v o l ts .
T h e r e  i s  no g e n e r a l ly  a c c e p te d  d e f in i t io n  of the  a r c  d i s c h a r g e  
(So 59). D e f in i t io n s  in  c u r r e n t  u s e  a r e :
(1) A d i s c h a r g e  c h a r a c t e r i z e d  by a  s m a l l  c a th o d e  fa l l  v o l ta g e  - 
g e n e r a l ly  of the  o r d e r  of the  io n iz a t io n  o r  m in im u m  e x c i ta t io n  
p o te n t ia l  of the  gas  in  w hich  th e  d i s c h a r g e  r u n s  (Co 2 7a). T h is  i s  
p ro b a b ly  th e  m o s t  w id e ly  u s e d  d e f in i t io n  of the  a r c .
(2) A d i s c h a r g e  c h a r a c t e r i z e d  by a h igh c u r r e n t  d en s i ty  a t th e  
c a th o d e  (So 59).
(3) A d i s c h a r g e  w h e re  e l e c t r o n s  a r e  p ro d u c e d  a t the  ca th o d e  
by a  m e th o d  o th e r  th a n  s e c o n d a ry  e m is s io n  by p a r t i c l e  o r  pho ton













FIG 1. 2 P O T E N T I A L  DISTRIBUTION a long  the  a x e s  of a
t y p i c a l  low p r e s s u r e  glow d i s c h a r g e ,  and a t y p ic a l  
low p r e s s u r e  a r c  d i s c h a r g e
(a) Glow d i s c h a r g e  (b) A r c  d i s c h a r g e
Vc - C athode  fa l l  v o l ta g e
dc - L e n g th  of the  c a th o d e  fa l l  r e g io n .
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(4) A d i s c h a r g e  w h e re  the  t e m p e r a t u r e s  of th e  io n s ,  e l e c t r o n s  
and the  n e u t r a l  g a s  m o le c u le s  in  th e  p o s i t iv e  co lu m n  a r e  su ch  th a t  
th e s e  s p e c ie s  a r e  a p p ro x im a te ly  in  t h e r m a l  e q u i l ib r iu m  (Ma 51).
In  th is  ty p e  of c o lu m n  th e  c h a rg e  c a r r i e r s  do not u s e  the  e n e r g y  
they  g a in  f r o m  the  e l e c t r i c  f ie ld  to  p ro d u c e  io n iz a t io n  d i r e c t l y ,  bu t 
h ea t  th e  g a s  so  th a t  t h e r m a l  io n iz a t io n  o c c u r s  (see  s e c t io n s  1 .4 .  1 
and 1 .4 .  2). T h is  d e f in i t io n  i s  o ften  e x p r e s s e d  in  t e r m s  of th e  
o c c u r r e n c e  of t h e r m a l  io n iz a t io n ,  r a t h e r  th a n  t h e r m a l  e q u i l ib r iu m  
(Ec 61). It shou ld  be  no ted  th a t  the  a r c  i s  de f ined  in  t e r m s  of 
p r o c e s s e s  o c c u r r in g  in  the  p o s i t iv e  c o lu m n ,  r a t h e r  th an  p h e n o m e n a  
o c c u r r in g  in  th e  c a th o d e  re g io n .
t . 3 T H E  GLOW  DISCHARGE ( F r  56, E n  55, Co 41)
1 .3 .1  T h e  ca th o d e  re g io n
F ig u r e  1. 3 show s s c h e m a t ic a l ly  the  v a r ia t io n  of v o l ta g e ,  
e l e c t r i c  f ie ld ,  c h a r g e  d e n s i ty  and l igh t in te n s i ty  a long  th e  a x is  of a  
glow d i s c h a r g e  a t a p r e s s u r e  of a p p ro x im a te ly  1 m m  Hg. A lso  show n 
a r e  th e  n a m e s  g iv en  to  the  c h a r a c t e r i s t i c  r e g io n s  of the  d i s c h a r g e .
T h e  re g io n  b e tw e e n  th e  c a th o d e ,  and the  ca th o d e  end of the  
n e g a t iv e  glow (the c a th o d e  fa ll  re g io n )  is  the  r e g io n  w h e re  th e  e l e c t r o n s  
th a t  c o n s t i tu te  m u ch  of th e  d i s c h a r g e  c u r r e n t  in  the  r e m a i n d e r  of the  
d i s c h a r g e  a r e  p ro d u c e d .  T h e  m a jo r i ty  of th e  e l e c t r o n s  a r e  p ro d u c e d  
by  io n iz a t io n  in  the  ca th o d e  fa l l  reg io n ;  the  r e m a i n d e r  a r e  e je c te d
f r o m  th e  c a th o d e .
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FIG  1 .3  AXIAL VARIATION O F GLOW  DISCHARGE 
PA R A M E T E R S - SCH EM A TIC









A sto n  d a rk  sp a c e  
C athode  la y e r  
C athode d a rk  sp a c e  
N eg a tiv e  glow 
F a ra d a y  d a rk  sp ac e  
P o s i t iv e  co lu m n  
A node d a rk  sp a c e  
A node glow
(b) P o te n tia l
(c) E le c t r ic  f ie ld
(d) C h a rg e  d e n s ity  - p o s itiv e  io n  d e n s ity
p_  - e le c t ro n  d e n s ity
p  ^  - N e tt c h a rg e  d en s ity  
(D otted  lin e )







FIG 1-3 GLOW DISCHARGE PARAMETERS
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T h e  d o m in a n t  e l e c t r o n  e je c t io n  m e c h a n is m  a t th e  ca th o d e  
of a  glow d i s c h a r g e  i s  s e c o n d a ry  e m is s io n  by p o s i t iv e  ion  b o m b a r d ­
m e n t ,  a l th o u g h  fo r  c e r t a i n  g e o m e t r i e s  o r  c o n d i t io n s ,  s e c o n d a ry  
e m is s io n  due  to  b o m b a rd m e n t  by  m e ta s ta b le  e x c i te d  a to m s ,  o r  
p h o to n s ,  c a n  b e  of im p o r ta n c e .
An e l e c t r o n  e je c te d  f r o m  th e  ca th o d e  i s  a c c e l e r a t e d  by th e  
h igh e l e c t r i c  f ie ld  n e a r  the  c a th o d e ,  g a in s  io n iz a t io n  e n e r g y ,  and 
in i t i a te s  a  T o w n sen d  a v a la n c h e  (En 55), (the p r o c e s s  of c u m u la t iv e  
io n iz a t io n  th a t  o c c u r s  w hen an e l e c t r o n  i s  a c c e l e r a t e d  by a  h igh  
e l e c t r i c  f ie ld .  T h e  e l e c t r o n  p ro d u c in g  an io n iz a t io n ,  and th a t  p r o ­
duced  by th e  io n iz a t io n  a r e  bo th  a c c e l e r a t e d  by th e  e l e c t r i c  f i e ld ,  
to  p ro d u c e  f u r t h e r  io n iz a t io n ) .  T h e  p o s i t iv e  io n s  p ro d u c e d  by th i s  
a v a la n c h e ,  d r i f t  b a ck  to  the  c a th o d e .  C on d it io n s  in  the  c a th o d e  fa l l  
re g io n  a r e  su ch  th a t  e ach  e l e c t r o n  e je c te d  f ro m  the  ca th o d e  w ill  
in i t ia te  a  T o w n sen d  a v a la n c h e  th a t  p ro d u c e s  in  th e  ca th o d e  fa l l  r e g io n ,  
the  n u m b e r  of io n s  n e c e s s a r y  to  e je c t  a  s in g le  e l e c t r o n  f r o m  the  
c a th o d e ,  w hen  th e s e  io n s  s t r i k e  th e  c a th o d e .
T h i s  m a in te n a n c e  c o n d i t io n ,  a  n e c e s s a r y  c o n d it io n  f o r  th e  
s e l f - s u s t a i n e d  e x is te n c e  of the  ca th o d e  f a l l  r e g io n ,  i s  e x p r e s s e d  
m a th e m a t ic a l ly
t f ( M - l )  = 1 (1 . 3)
w h e re  Y  = m e a n  n u m b e r  of s e c o n d a ry  e l e c t r o n s  e je c te d  f ro m  th e
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c a th o d e  p e r  in c id e n t  p o s i t iv e  io n .  Y  i s  not th e  s e c o n d a ry  e m i s s io n  
c o e f f ic ie n t  th a t  would  be  o b ta in e d  f r o m  m e a s u r e m e n t s  of th e  e l e c t r o n  
c u r r e n t  f r o m  a s u r f a c e  b o m b a r d e d  by p o s i t iv e  io n s  in  v a c u o .  It i s  
an  e f fe c t iv e  s e c o n d a ry  e m i s s io n  c o e f f ic ie n t ,  c o r r e c t e d  f o r  th e  
b a c k s c a t t e r in g  of e l e c t r o n s  in to  th e  c a th o d e  by  c o l l i s io n s  w ith  
gas  m o le c u le s  (B1 58).
M = n u m b e r  of e l e c t r o n s  th a t  le a v e  the  c a th o d e  fa l l  f o r  
e ac h  e le c t r o n  e je c te d  f r o m  th e  c a th o d e .  M i s  c a l le d  th e  m u l t i p ­
l ic a t io n  f a c to r .
M - l  = n u m b e r  of io n s  p ro d u c e d  p e r  e je c te d  e l e c t r o n .
In th e  c a s e  w h e re  th e  T o w n se n d  a v a la n c h e  i s  th e  m u l t ip l ic a t io n  
p r o c e s s
w h e re  o< = T o w n s e n d 's  f i r s t  io n iz a t io n  c o e f f ic ie n t ,  i . e .  , th e  
n u m b e r  of io n  p a i r s  p ro d u c e d  p e r  c m .  b y  a  s in g le  e l e c t r o n ,  
d = th ic k n e s s  of the  c a th o d e  fa l l  r e g io n .
T he  p o s i t iv e  io n s  p ro d u c e d  in  th e  ca th o d e  fa l l  r e g io n  
w hich  d r i f t  s low ly  to w a rd s  the  c a th o d e ,  p ro d u c e  the  l a r g e  e l e c t r i c  
f ie ld  o b s e r v e d  at th e  ca th o d e  end  of th e  d i s c h a r g e  tu b e .  T h is  
f ie ld  a c c e l e r a t e s  th e  e l e c t r o n s  to  e n e r g i e s  s u c h  th a t  they  c a n  
io n iz e  e f f ic ie n t ly  in  th i s  r e g io n .  In  m o s t  c a s e s  i s  c o n s id e ra b ly  
l e s s  th a n  1, so  th a t  th e  c u r r e n t  a t  th e  c a th o d e  is  p r i m a r i l y  a
d
dx - 1) = 1 (1 .4 )
p o s i t iv e  ion  c u r r e n t .  H o w e v e r ,  due to  th e  m u l t ip l ic a t io n  of th e
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e l e c t r o n  n u m b e r  in  th e  ca th o d e  fa l l  r e g io n ,  the  c u r r e n t  e n te r in g  
th e  n e g a t iv e  glow f r o m  th is  r e g io n  i s  p r i m a r i l y  an  e l e c t r o n  
c u r r e n t .
W hen  th e  d i s c h a r g e  c u r r e n t  i s  so  low th a t  the  ca th o d e  
glow d o e s  no t c o v e r  th e  e n t i r e  c a th o d e ,  the  d i s c h a r g e  is  of a 
ty p e  r e f e r r e d  to  as  the  n o rm a l  glow d i s c h a r g e .  In th e  ca th o d e  
re g io n  of t h i s  d i s c h a r g e :
(1) T h e  n o r m a l  ca th o d e  fa ll  v o lta g e  Vn is  in d ep en d e n t  of 
c u r r e n t  and  p r e s s u r e ,  bu t d ep en d s  on th e  g a s ,  and the  ca th o d e  
m a t e r i a l .
(2) W hen  th e  c u r r e n t  i s  i n c r e a s e d ,  th e  n o r m a l  ca th o d e  
c u r r e n t  d e n s i ty ,  j , r e m a in s  c o n s ta n t ,  th e  c r o s s  s e c t io n a l  a r e a  
of th e  c a th o d e  re g io n  in c r e a s in g .
(3) F o r  a f ixed  gas  and ca th o d e  m a t e r i a l  and p lane  e l e c t r o d e s ,
2
j n /p  = C o n s ta n t  (1 .5 )
(p = gas  p r e s s u r e ) .
(4) F o r  a f ix ed  gas  and ca th o d e  m a t e r i a l
d^p = C o n s ta n t  (1 .6 )
(d  = n o r m a l  ca th o d e  fa ll  th ic k n e s s ) .
(5) T h e  e l e c t r i c  f ie ld  f a l l s  l in e a r ly  f r o m  the  edge of the  
c a th o d e  to  th e  edge  of the  ca th o d e  fa l l  r e g io n .  T h is  im p l i e s  a 
u n i fo rm  p o s i t iv e  io n  sp a c e  c h a r g e ,  w hich  cou ld  be  o b ta in ed  by 
th e  u n ifo rm  g e n e r a t io n  of io n s ,  p ro v id e d  th e  d r i f t  v e lo c i ty  of the
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p o s i t iv e  io n s  i s  p ro p o r t io n a l  to  th e  e l e c t r i c  f ie ld .
No s a t i s f a c to r y  th e o ry  of the  n o r m a l  c a th o d e  fa l l  r e g io n ,  
th a t  p r e d i c t s  th e  above b e h a v io u r ,  h a s  b e e n  d ev e lo p ed  to  d a te .  T h e  
t h e o r y ,  up  to  m i d - 1955, i s  re v ie w e d  by F r a n c i s  ( F r  56).
T h e  ca th o d e  fa l l  r e g io n  i s  d e s c r ib e d  b y  th e  fo llow ing  t h r e e  
s e t s  of e q u a tio n s :
(1) P o i s s o n 's  eq u a tio n .
(2) T h e  e q u a t io n s  of c u r r e n t  co n tinu ity  f o r  io n s  and e l e c t r o n s .  
T h e s e  e q u a t io n s  in c lu d e  t e r m s  th a t  acco u n t fo r  io n iz a t io n .
(3) M obility  e q u a tio n s  f o r  io n s  and e l e c t r o n s .  T h e s e  r e l a t e  
th e  c h a r g e  d e n s i t i e s  to  th e  ion  and e l e c t r o n  c u r r e n t s .
w ith  th e  b o u n d a ry  co n d it io n s :
(1) T h e  to ta l  c u r r e n t  d e n s i ty  i s  r e l a t e d  to  the  s e c o n d a ry  
e m is s io n  p r o c e s s e s  a t  the  ca thode  th ro u g h
3 = 3 + ( l  + *' ) ( 1 . 7 )
w h e re  j = to ta l  c u r r e n t  d en s i ty  a t  the  ca thode
j+ = p o s i t iv e  io n  c u r r e n t  d e n s i ty  at the  c a th o d e .
(2) T he  end of the  ca thode  fa ll  r e g io n  i s  d e f in ed  as  b e in g  the  
po in t w h e re  the  e l e c t r i c  f ie ld  fa l ls  to  z e r o .
S e v e ra l  w o r k e r s  have  d e r iv e d  e x p r e s s io n s  d e s c r ib in g  th e  
c a th o d e  f a l l  r e g io n ,  u s in g  the  above g e n e r a l  eq u a t io n s  (Mo 28,
Ro 32, Ro 39, We 39 a , b , c ,  W a 62,  W a 58). D if fe re n t  a s s u m p t io n s  
a r e  m a d e  about th e  d ep en d en ce  of th e  p o s i t iv e  ion  d r i f t  v e lo c i ty ,
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and t on th e  e l e c t r i c  f ie ld ,  and th e  c o n tr ib u t io n  of th e  n eg a tiv e  
glow  to  th e  p r o p e r t i e s  of the  ca th o d e  fa l l  r e g io n .  H o w ev e r  not 
a l l  t h e o r i e s  in v o lv e  th e  u se  of th e  g e n e r a l  e q u a t io n s .  C O M PT O N  
and MORSE (Co 2 7 b) u s e  equ a tio n  1 .4  e x p l ic i t ly  (equa tion  1 .4  is  
im p l i c i t  in  th e  eq u a t io n s  of con tin u ity )  and m ade  u s e  of S T E E N B E C K 'S  
M in im um  E n e rg y  P r in c i p le  (St 32). Von E N G E L  and S T E E N B E C K  
(En 34) o m it  th e  eq u a t io n s  of c o n t in u i ty ,  u s e  eq u a tio n  1 . 4 ,  and 
m ak e  u se  of th e  e x p e r im e n ta l ly  o b s e r v e d  l i n e a r  d ep en d en ce  of the  
e l e c t r i c  f ie ld  on d is ta n c e  f r o m  the  c a th o d e .  None of th e  above  
th e o r i e s  m a k e  p r e d ic t io n s  in  a g r e e m e n t  w ith  o b s e r v a t io n s ,  b a s i c a l l y  
b e c a u s e  of o u r  la c k  of u n d e rs ta n d in g  of io n iz a t io n  and m o b il i ty  in  
n o n -u n i fo rm  e l e c t r i c  f ie ld s  (Mo 46 , Jo  48).
A lthough  it  i s  c u s to m a r y  w hen d ev e lo p in g  a th e o ry  of the  
ca th o d e  fa l l  r e g io n  to  ig n o re  th e  c o n t r ib u t io n  to  the  ca th o d e  c u r r e n t  
of e l e c t r o n s  e je c te d  f r o m  th e  ca th o d e  by p h o to e le c t r ic  e m is s io n ,  
th is  e f fe c t  m ay  h av e  an  im p o r ta n t  in f lu en ce  on the  b e h a v io u r  of th e  
ca th o d e  re g io n  of the  d i s c h a r g e .  In d e e d ,  L IT T L E  and von E N G E L  
(Li 54) have  s u g g e s te d  th a t  p h o to e le c t r ic  e m is s io n  due to  u l t r a ­
v io le t  r a d ia t io n  f r o m  th e  n eg a tiv e  g low , cou ld  b e  an  im p o r ta n t  
s e c o n d a ry  e m i s s io n  m e c h a n is m ,  not only f o r  th e  hollow  ca th o d e  
d i s c h a r g e  f o r  w h ich  t h e i r  th e o ry  w as  p r i m a r i l y  d e v e lo p e d ,  bu t 
a l s o  f o r  th e  glow d is c h a r g e  b e tw ee n  p lan e  e l e c t r o d e s .
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1 . 3 . 2  T h e  n eg a tiv e  glow and th e  F a r a d a y  d a r k  sp a c e
In th e s e  r e g io n s  h igh  e n e rg y  e l e c t r o n s  f r o m  the ca thode  
fa l l  r e g io n  lo s e  e n e rg y  and b e c o m e  ra n d o m iz e d  by c o l l i s io n s  p r i o r  
to  e n te r in g  th e  p o s i t iv e  c o lu m n . T h e  e l e c t r o n s  b e c o m e  r a n d o m iz e d  
in  th e  n eg a t iv e  glow , and d iffu se  in to  th e  F a r a d a y  d a r k  sp a c e  ( F .D .S .  ); 
th e y  a r e  a c c e l e r a t e d  th ro u g h  th e  F . D . S .  to  th e  p o s i t iv e  co lu m n  by  a 
s m a l l  e l e c t r i c  f ie ld .  T h is  f ie ld  r e s u l t s  f r o m  a s m a l l  n eg a tiv e  c h a r g e  
e x c e s s  in  th e  F . D . S .  due to  e l e c t r o n s  d iffu s in g  f r o m  the  n eg a tiv e  
glow m o r e  ra p id ly  th a n  p o s i t iv e  io n s .  T h e  e l e c t r i c  f ie ld  i s  z e r o  in  
th e  n e g a t iv e  glow , and i n c r e a s e s  th ro u g h  th e  F . D . S .  to th e  p o s i t iv e  
c o lu m n  v a lu e .
T he  r a t e  of io n iz a t io n  p e r  un it  v o lu m e  at th e  ca th o d e  end 
of th e  n eg a t iv e  glow i s  h igh . T h is  io n iz a t io n  i s  due to  f a s t  e l e c t r o n s  
f r o m  th e  ca th o d e  fa l l  r e g io n .  B e c a u s e  th e  a x ia l  f ie ld  in  the  n eg a tiv e  
glow i s  z e r o  the  c h a r g e d  p a r t i c l e s  c a n  only d iffu se  out of th is  r e g io n .  
F o r  th i s  r e a s o n  p o s i t iv e  ion  and e l e c t r o n  d e n s i ty  a r e  v e ry  h igh in  
th e  n e g a t iv e  g low , b e in g  p e rh a p s  one o r  tw o  o r d e r s  of m ag n itu d e  
g r e a t e r  th a n  in  the  p o s i t iv e  co lu m n  (Ud 52).
At th e  n eg a t iv e  glow end of th e  F . D . S .  , th e  e l e c t r o n s  have  
l i t t l e  e n e r g y ,  and h e n ce  the  p ro b a b i l i ty  of r e c o m b in a t io n  i s  h igh  in  
th i s  r e g io n .  T h e  d e c r e a s e  of ion  and e l e c t r o n  d e n s i ty  th ro u g h  th is  
r e g io n  i s  l a r g e ly  th e  r e s u l t  of r e c o m b in a t io n .
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T h e  p r o p e r t i e s  of th e s e  r e g io n s  a r e  c lo se  to  th o s e  of an 
id e a l  p l a s m a .  T he  ca th o d e  fa ll  r e g io n ,  w ith  i t s  l a r g e  e x c e s s  of 
p o s i t iv e  io n s  , c an n o t be  c o n s id e re d  a s  a r e g io n  of p l a s m a .
1 . 3 . 3  T he  p o s i t iv e  co lu m n  (A1 56, F r  56)
T h i s  p la s m a  r e g io n  i s  m e r e ly  a  co n d u c tin g  p a th  b e tw e e n  
the  c a th o d e  and anode r e g io n s .  T he  c u r r e n t  flow s th ro u g h o u t  the  
e n t i r e  s p a c e  b e tw e e n  th e  e l e c t r o d e s  e x c e p t  a t p r e s s u r e s  g r e a t e r  
th a n  a  few c m .  H g. , w h e re  the  c u r r e n t  c a r r y in g  re g io n  te n d s  to  
b e c o m e  r e s t r i c t e d .  T h e  r e m a r k s  in  th i s  s e c t io n  app ly  p a r t i c u l a r l y  
to  th e  glow d i s c h a r g e  ru n n in g  a x ia l ly  b e tw e e n  e le c t r o d e s  a t  the  end 
of a long c y l in d r i c a l  d i s c h a r g e  tu b e .
E l e c t r o n s  in  the  high, v e lo c i ty  " t a i l 1' of the  e l e c t r o n s '  
M axw ellian  v e lo c i ty  d i s t r ib u t io n  w ith  e n e r g i e s  above io n iz a t io n  
e n e rg y  c an  io n iz e  gas  m o le c u le s  on c o l l i s io n .  T h e  e l e c t r o n  t e m ­
p e r a t u r e  in  th e  c o lu m n  i s  su ch  th a t  enough e le c t r o n s  and  io n s  a r e  
p ro d u c e d  by  th i s  p r o c e s s  to  r e p la c e  th o s e  lo s t  to  the  w a l l  by 
d if fu s io n .  T h e  e l e c t r o n  t e m p e r a t u r e  i s  of the  o r d e r  of a  few  
e le c t r o n  v o l t s ,  w h ich  i s  c o n s id e ra b ly  g r e a t e r  th an  th e  t e m p e r a t u r e  
of th e  io n s .  T h e  io n s  and th e  n e u t r a l  g a s  m o le c u le s  a r e  in  good 
" t h e r m a l "  c o n ta c t ,  and a r e  a t a  t e m p e r a t u r e  not g r e a t ly  in  e x c e s s  
of ro o m  t e m p e r a t u r e .
T he  a x ia l  e l e c t r i c  f ie ld  i s  s u c h  th a t  an  e l e c t r o n  g a in s  a s
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as  m u c h  e n e r g y  b e tw e e n  c o l l i s io n s  as  i t  l o s e s  p e r  c o l l i s io n .  T h e  
c h a r g e  d e n s i ty  a t  the  ax is  of th e  d i s c h a r g e  tu b e  i s  d e te r m in e d  by 
th e  c u r r e n t  f low ing  th ro u g h  th e  tu b e .  T he  m e c h a n is m  of d iffu s io n  
of io n s  and e l e c t r o n s  to  the  w a l ls  d e t e r m in e s  th e  r a d ia l  e l e c t r i c  
f ie ld ,  and th e  r a d ia l  c h a r g e  d e n s i ty  d i s t r ib u t io n .  At p r e s s u r e s  
at w h ich  th e  m e a n - f r e e - p a t h  of e l e c t r o n s  is  c o n s id e ra b ly  l e s s  th a n  
the  d im e n s io n s  of the  tu b e ,  the  SCHOTTKY th e o ry  (Sc 24 a ,b )  
a p p l ie s .  T h e  d if fu s io n  m e c h a n is m  i s  " a m b ip o la r  d if fu s io n "  (A1 56). 
A m b ip o la r  d iffu s io n  i s  c h a r a c t e r i z e d  by  a r a d i a l  e l e c t r i c  f ie ld  su ch  
th a t  a t  any r a d iu s  th e  r a d ia l  io n  and e l e c t r o n  c u r r e n t  d e n s i t ie s  a r e  
e q u a l .
T h e r e  i s  s t i l l  s o m e  doub t a s  to  th e  r e a s o n  f o r  the  c o n t r a c t io n  
of th e  p o s i t iv e  c o lu m n  a t  h igh  p r e s s u r e s  ( F r  56). "P in c h in g "  due to  
th e  s e l f  m a g n e t ic  f ie ld  of th e  c o lu m n  is  obv ious ly  not the  c a u s e ,  fo r  
th e  c o n t r a c t i o n  o c c u r s  e v en  f o r  v e r y  s m a l l  c u r r e n t s  (Fo  55). V a r io u s  
im p r o v e m e n ts  to  th e  s im p le  S chottky  th e o ry  (Fo 55) - s eco n d  o r d e r  
a p p r o x im a t io n s ,  m o r e  s o p h is t i c a te d  b o u n d a ry  c o n d it io n s  (A1 54), 
in t r o d u c t io n  of tw o - s ta g e  io n iz a t io n  (Sp 50) and v o lu m e  re c o m b in a t io n  
(Se 53) - g ive c h a r g e  d e n s i ty  d i s t r ib u t io n s  th a t  a r e  so m ew h a t  m o re  
p eak ed  th a n  th e  d i s t r ib u t io n  o b ta in ed  f r o m  the  s im p le  Schottky  th e o r y ,  
bu t w h ich  a r e  s t i l l  not p eak ed  enough to  ex p la in  th e  c o n t ra c t io n .
It i s  d if f icu l t  to  a s s e s s  w h e th e r  an i n c r e a s e  of gas  t e m p e r a ­
t u r e  a t  the  a x is  of th e  d i s c h a r g e  cou ld  c a u s e  a  c o n t r a c t io n  of the
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p o s i t iv e  c o lu m n  (E l 51, F o  55). H o w ev e r  th e  c o n t r a c t io n  o c c u r s  
a t a  d e n s i ty  r a n g e  w ell be low  th a t  at w hich  t e m p e r a t u r e  g ra d ie n ts  
w il l  b e  s ig n i f i c a n t ,  in d ic a t in g  th a t  gas  h e a t in g  i s  not of im p o r ta n c e .
F O W L E R  (Fo 55) p ro p o s e s  th a t  th e  c o n t r a c t io n  i s  due to  
th e  l o s s  of e l e c t r o n  e n e rg y  in  in e la s t i c  c o l l i s io n s .  T h is  e n e rg y  
lo s s  i s  e q u iv a le n t  to  a  f o r c e  ac t in g  r a d ia l ly  in w a rd s  on the  e l e c t r o n s ,  
w hich  flow  o u tw a rd s  at a re d u c e d  v e lo c i ty .  T h i s  th e o ry  g iv e s  f a i r  
a g r e e m e n t  w ith  e x p e r im e n t .
At h ig h  p r e s s u r e s ,  a c c o rd in g  to  the  Schottky  t h e o r y ,  the  
e l e c t r o n  t e m p e r a t u r e  and th e  v o ltag e  b e tw e e n  the  wall and th e  ax is  
of th e  d i s c h a r g e  tu b e  a r e  both  re d u c e d  b e lo w  th e  low  p r e s s u r e  
v a lu e s .  Von E N G E L  (E n 55, p . 224) s u g g e s t s ,  in  a d d it io n ,  th a t  
the  h ig h e r  c u r re n t ,  d en s i ty  n e a r  th e  a x is  of th e  d i s c h a r g e  tu b e  le a d s  
to  a  r e d u c t io n  of g a s  d e n s i ty  n e a r  th e  a x is .  T he  p a r t i a l  p r e s s u r e  
of th e  e l e c t r o n  g a s  w ill  be  r e la t iv e ly  h igh  b e c a u s e  i t s  t e m p e r a t u r e  
i s  m u ch  g r e a t e r  th a n  th e  gas  t e m p e r a t u r e .  T h e  e l e c t r o n s  and io n s  
th u s  m ove  r a d ia l ly  o u tw a rd s  a t re d u c e d  sp e e d  in to  a  re g io n  of h ig h e r  
g a s  d e n s i ty .  T h e s e  co n d i t io n s  fa v o u r  r e c o m b in a t io n ,  away f ro m  
th e  c e n t r a l  r e g io n  of th e  p o s i t iv e  c o lu m n ,  w hich  r e s u l t s  in  the  
o b s e r v e d  c o n t r a c t i o n  of th e  co lu m n . *
* No r e f e r e n c e  o r  c a lc u la t io n s  a r e  g iv en , and I have  b e en  un ab le  to  
lo c a te  any o th e r  r e f e r e n c e  to  th is  th e o r y .  B e c a u se  of t h i s ,  and 
F o w l e r ' s  c o m m e n ts  on r e c o m b in a t io n  a s  an  e x p lan a t io n  of the  c o n ­
t r a c t i o n  (Fo  55 - s ee  ab o v e) ,  I su g g e s t  th a t  th i s  th e o r y  be  t r e a t e d  
w ith  a  c e r t a i n  am o u n t  of c a u t io n  u n ti l  f u r t h e r  w o rk  i s  p u b l ish e d .
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1 , 3 . 4  T he  anode re g io n
T h is  r e g io n  c o l le c t s  e l e c t r o n s  f r o m  the  p o s i t iv e  c o lu m n , 
and t r a n s f e r s  th e m  to  th e  ano d e . E l e c t r o n s  a r e  a t t r a c t e d  to , 
p o s i t iv e  io n s  r e p e l l e d  f r o m  the  a n o d e ,  p ro d u c in g  an  e l e c t r o n  
s p a c e  c h a r g e  l a y e r  ju s t  in  f ro n t  of th i s  e l e c t r o d e .  T h is  g ives  a 
s h a r p  d ro p  of v o lta g e  b e tw e e n  the  anode  and the  p o s i t iv e  c o lu m n . 
E l e c t r o n s  a r e  a c c e l e r a t e d  f r o m  th e  p o s i t iv e  c o lu m n  by th i s  f ie ld  
so  th a t  th ey  c a n  io n iz e  th e  gas  n e a r  th e  an o d e . C o n d itions  a r e  su ch  
th a t  th e  n u m b e r  of p o s i t iv e  io n s  p ro d u c e d  i s  eq u a l  to  the  p o s i t iv e  
io n  c u r r e n t  in  th e  p o s i t iv e  co lu m n .
1 .4  T H E  ARC DISCHARGE (So 59, Ec 61 , Ma 51, F i  56)
1 .4 .1  T he  ca th o d e  re g io n
T h is  r e g io n  i s  c h a r a c t e r i z e d  by a low c a th o d e  f a l l ,  a  v e ry  
h igh  c u r r e n t  d e n s i ty  at the  c a th o d e ,  and  a b r ig h t ly -g lo w in g  ca th o d e  
sp o t  w h e re  the  c u r r e n t  e n t e r s  the  c a th o d e .  S e v e ra l  p o s s ib le  
m e c h a n i s m s  e x is t  fo r  the  e x t r a c t i o n  of e l e c t r o n s  f r o m  the  c a th o d e .
(1) T h e r m io n ic  e m is s io n .  E n e rg y  d i s s ip a te d  in  th e  ca th o d e  
f a l l  r e g io n  c a u s e s  the  c a th o d e  to  h e a t  so  th a t  i t  c an  e m i t  th e r m io n i -  
c a l l y ,  enough  e le c t r o n s  to  m a in ta in  th e  d i s c h a r g e .  T h is  m e c h a n is m  
c a n  e x p la in  the  b e h a v io u r  of a r c s  ru n n in g  a t  m o d e ra te  p r e s s u r e s
(1 a tm o s p h e r e  and lo w e r)  on h igh  m e l t in g  po in t c a th o d e s .
(2) F i e ld  e m is s io n .  A p o s i t iv e  c h a r g e  c lo se  to  th e  ca th o d e
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p ro d u c e s  a s t r o n g  e l e c t r i c  f ie ld  w hich  p u lls  e l e c t r o n s  f ro m  the  
c a th o d e . T h e  s p a c e  c h a r g e  i s  a s s u m e d  to  be  due to  the  p o s i t iv e  
io n s  d r i f t in g  f r o m  th e  p o s i t iv e  c o lu m n  to  th e  c a th o d e .  H o w ev e r ,  
if  th is  i s  th e  c a s e ,  th e  c u r r e n t  d e n s i ty  r e q u i r e d  to  give th e  e l e c t r i c  
f ie ld  n e c e s s a r y  to  p ro d u c e  th e  o b s e r v e d  e m is s io n ,  i s  m u ch  g r e a t e r  
th a n  th e  o b s e r v e d  c u r r e n t  d e n s i ty .  S u r fa c e  i r r e g u l a r i t i e s  which 
i n c r e a s e  th e  e f fe c t iv e  f ie ld ,  o r  s u r f a c e  l a y e r s  of o x id e ,  w ill  
i n c r e a s e  th e  e m i s s i o n ,  bu t s t i l l  not to  the  e x ten t  n e c e s s a r y  to  
e x p la in  th e  e x p e r im e n t a l  r e s u l t s .  H U LL (Hu 62) s u g g e s ts  th a t  th e  
o b s e r v e d  sp o t  c o n s i s t s  of a  n u m b e r  of r a p id ly  m oving  e m is s io n  
r e g io n s ,  th e  c u r r e n t  d e n s i ty  in  t h e s e  r e g io n s  b e in g  g r e a t  enough 
to  ex p la in  th e  o b s e r v e d  e m is s io n .  HERNQVIST (He 58) s u g g e s ts  
th a t  f o r  s o m e  ty p e s  of a r c ,  the  io n s  o r ig in a te  not in  the  p o s i t iv e  
c o lu m n ,  but a t  th e  c a th o d e .  E x c i te d  n e u t r a l  a to m s  d iffu se  f ro m  
th e  p l a s m a ,  and a r e  io n iz e d  at th e  c a th o d e .  T h e  io n iz a t io n  p r o c e s s  
i s  r e s o n a n c e  io n iz a t io n  - a p r o c e s s  in  w hich  an e l e c t r o n  is  t r a n s ­
f e r r e d  d i r e c t ly  f r o m  th e  e x c i ted  a to m  in to  th e  ca th o d e .
(3) T - F  ( th e r m a l - f i e ld )  e m is s io n .  E C K E R  (Ec 54), and 
m o re  r e c e n t ly  L E E  (Le 57, L e  5 9) have  in v e s t ig a te d  the  f ie ld  
e m is s io n  of e l e c t r o n s  f r o m  a hot c a th o d e  as  a  p o s s ib le  m e c h a n is m  
of e l e c t r o n  e m is s io n  f r o m  th e  c a th o d e .  T h e  i n c r e a s e d  e m is s io n  
f r o m  th e  hot c a th o d e  m a y  be  p ic tu r e d  as  b e in g  due to  (a) the  w idth
- 2 4 -
of th e  p o te n t ia l  b a r r i e r  th ro u g h  w hich  th e  e l e c t r o n s  m u s t  tu n n e l  
to  le a v e  the  ca th o d e  d e c r e a s in g  a s  t h e i r  t h e r m a l  e n e rg y  i n c r e a s e s ,  
o r  (b) en h an ced  th e r m io n ic  e m is s io n  due to  th e  d e p r e s s io n  of th is  
p o te n t ia l  b a r r i e r  by  th e  e l e c t r i c  f ie ld .  T h e  a c tu a l  m e c h a n is m  h a s  
p r o p e r t i e s  m idw ay  b e tw e e n  th o s e  of th e s e  tw o e x t r e m e  c a s e s .
(4) T he I - F  ( In d iv id u a l- f ie ld )  m e c h a n is m  of E C K E R  and 
M Ü L L E R  (Ec 5 9 a , b ) .  T he  s p a c e  c h a r g e  n e a r  the  ca th o d e  i s  due 
to  th e  p r e s e n c e  of a  l a r g e  n u m b e r  of p o s i t iv e  io n s .  T he  ra n d o m  
m o tio n  of th e s e  io n s  c a u s e s  the  f ie ld  a t any po in t on th e  ca th o d e  
s u r f a c e  to  f lu c tu a te  about a  m e an  v a lu e ,  w hich  i s  th e  va lue  u se d  fo r  
c a lc u la t io n  of th e  f ie ld  e m is s io n  c u r r e n t  d e n s i ty  f r o m  th e  s im p le  
f ie ld  e m is s io n  t h e o r y .  B e c a u se  th e  f ie ld  e m is s io n  dep en d s  
e x p o n en tia l ly  on th e  f ie ld  a t the  c a th o d e ,  the  c u r r e n t  d e n s i ty  c a l ­
c u la te d  f o r  a  m o d e l  th a t  ta k e s  a cco u n t of th e s e  f lu c tu a t io n s  is  g r e a t e r  
th a n  th a t  c a lc u la te d  f r o m  th e  s im p le  f ie ld  e m is s io n  th e o ry  u n d e r  
e q u iv a len t  c o n d i t io n s .
(5) S e c o n d a ry  e l e c t r o n  e m is s io n  due to  th e  im p a c t  of m e t a ­
s ta b le  e x c i te d  n e u t r a l  a to m s .  T h i s  i s  th e  b a s i s  of a r e c e n t  th e o ry  
d eve loped  by ROBSON and von E N G E L  (Ro 55, Ro 57), of th e  ca th o d e  
re g io n  of th e  m e r c u r y  a r c .
(6) S e c o n d a ry  e l e c t r o n  e m is s io n  due to  th e  im p a c t  of p o s i t iv e  
io n s  on the  c a th o d e .  T h i s  i s  u n im p o r ta n t  in  th e  ca th o d e  re g io n  of
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an  a r c  b e c a u s e  th e  e n e rg y  of io n s  s t r ik in g  th e  c a th o d e ,  w hich  i s  
d e te r m in e d  by th e  ca th o d e  fa l l  of th e  a r c ,  i s  low . At th e s e  e n e r g ie s  
th e  s e c o n d a ry  e m is s io n  c o e f f ic ie n t  i s  s m a l l  c o m p a r e d  w ith  the  va lue  
a t  th e  m uch  h ig h e r  p o s i t iv e  io n  e n e r g i e s  e n c o u n te re d  in  th e  ca thode  
fa l l  r e g io n  of th e  g low  d i s c h a r g e .
T h e  d i s c h a r g e  c u r r e n t  a t th e  ca th o d e  m ay  be  c a r r i e d  p a r t ly  
by p o s i t iv e  io n s  f low ing  f r o m  the  p o s i t iv e  c o lu m n  to  th e  c a th o d e ,  in  
a d d it io n  to  the  e l e c t r o n  c u r r e n t  flow ing  f r o m  th e  c a th o d e .  It h a s  
b e en  s u g g e s te d  th a t  the  c u r r e n t  to  th e  ca th o d e  is  c a r r i e d  e n t i r e ly  
by p o s i t iv e  io n s  (SI 26 a ,  b ,  We 40) bu t  e n e rg y  b a la n c e  c o n s id e r a t io n s  
(Ro 5 7) in d ic a te  th a t  a  l a r g e  p a r t  of th e  c u r r e n t  m u s t  be  c a r r i e d  by 
e l e c t r o n s .
T o  d a te ,  no e n t i r e ly  s a t i s f a c to r y  th e o ry  of the  ca th o d e  re g io n  
of th e  a r c  h a s  b e e n  d e v e lo p e d .  T he  d e v e lo p m en t  of su ch  a th e o ry  
h a s  b e e n  h in d e re d  by  th e  d iff icu lty  in  m ak in g  an  e x p e r im e n ta l  s tudy  
of the  ca th o d e  re g io n  b e c a u s e  of i t s  s m a l l  s i z e ,  and the  e x t r e m e  
co n d i t io n s  e n c o u n te re d  in  th i s  r e g io n .
E C K E R  (Ec 61), in  a  r e c e n t  p a p e r ,  g iv e s  an  e x te n s iv e  
d i s c u s s io n  of th e  p h y s ic s  of th e  e l e c t r o d e  reg ions of the  a r c ,  an d , 
on the  b a s i s  of known e l e c t r o n  e m is s io n  m e c h a n i s m s ,  e n d e a v o u rs  
to  ex p la in  th e  b e h a v io u r  of the  ca th o d e  r e g io n .  He s u g g e s ts  th a t  
I - F  e m is s io n  i s  th e  im p o r ta n t  e m i s s io n  m e c h a n is m  and th a t ,  u n d e r
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c e r t a i n  c o n d i t io n s ,  a  l a r g e  p r o p o r t io n  of th e  ca th o d e  c u r r e n t  m ay  be  
c a r r i e d  by  p o s i t iv e  io n s .  T h e s e  io n s  a r e  p ro d u c e d  by  t h e r m a l  
io n iz a t io n  in  th e  r e g io n  of v e ry  ho t g a s  w h e re  the  p l a s m a  re g io n  
" c o n t r a c t s '1 to w a r d s  th e  ca th o d e  s p o t .  T h e r m a l  io n iz a t io n  is  a 
g e n e r a l  t e r m  u s e d  to  d e s c r ib e  the  io n iz a t io n  th a t  o c c u r s  in  a  s y s te m  
of e l e c t r o n s ,  io n s ,  and n e u t r a l  m o le c u le s  in  t h e r m a l  e q u i l ib r iu m .
It m ay  b e  r e g a r d e d  a s  io n iz a t io n  r e s u l t i n g  f r o m  th e  c o l l i s io n  of two 
e n e r g e t i c  g a s  m o le c u le s  in  a  v e ry  ho t g a s  (Co 41). T h is  p r o c e s s  i s  
d e s c r i b e d  by SAHA'S e q u a tio n  (A1 56).
1 . 4 . 2  T h e  p o s i t iv e  c o lu m n  (A1 56, Ma 51)
At low p r e s s u r e s  and m o d e r a te  c u r r e n t s  th e  m e c h a n is m  of 
th e  p o s i t iv e  c o lu m n  of the  a r c  d i f f e r s  l i t t l e  f ro m  th a t  of th e  glow 
d i s c h a r g e  (se e  s e c t io n  1 . 3 . 3 ) .  H o w e v e r ,  b e c a u s e  of the  g r e a t e r  
c u r r e n t ,  and h e n c e  e l e c t r o n  d e n s i ty  in  the  a r c  c o lu m n ,  th e  e l e c t r o n  
t e m p e r a t u r e  r e q u i r e d  to  m a in ta in  th i s  d en s ity  is  so m ew h a t  lo w e r .  
Io n iz a t io n  i s  m o r e  r e a d i ly  a c c o m p l is h e d  b e c a u s e  of the  l a r g e r  
n u m b e r  of e x c i te d  m o le c u le s  and d i s s o c ia te d  m o le c u le s  in  the  
c o lu m n .
At low p r e s s u r e s  m o s t  of th e  e n e rg y  d i s s ip a te d  by th e  
p a s s a g e  of th e  c u r r e n t  th ro u g h  th e  co lu m n  i s  t r a n s f e r r e d  d i r e c t ly  
to  th e  w a l ls  by th e  d if fu s io n  of c h a r g e d  p a r t i c l e s  to  th e  w a l l s .  As 
p r e s s u r e  i n c r e a s e s  r a d ia t io n  f r o m  e x c i te d  a to m s ,  and th e n  t r a n s f e r
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of h e a t  th ro u g h  th e  n e u t r a l  g a s ,  b e c o m e  the  m a j o r  c h a n n e ls  of 
p o w e r  d i s s ip a t io n .  A t h igh  p r e s s u r e s  th e  eq u a tio n  u s e d  to  d e s c r ib e  
the  a r c  c o lu m n  (the E l e n b a a s - H e l l e r  d i f f e r e n t ia l  equa tion ) r e l a t e s  
th e  e n e r g y  inpu t to  th e  e n e rg y  lo s t  by co n d u c tio n  th ro u g h  the  g a s ,  
and r a d ia t io n  (Ma 51). T h e  co lu m n  at h igh  p r e s s u r e s  i s  c h a r a c t e r i z e d  
by lo c a l  t h e r m a l  e q u i l ib r iu m  of e l e c t r o n s ,  io n s ,  and n e u t r a l  m o le c u le s .
As the  c u r r e n t  i s  i n c r e a s e d  th e  e l e c t r o n  t e m p e r a t u r e  fa l ls  
u n ti l  about 1% of th e  m o le c u le s  of th e  gas  a r e  io n iz e d ,  w hen the  
e l e c t r o n  t e m p e r a t u r e  b e g in s  to  r i s e .  T h i s  i n c r e a s e  c o m m e n c e s  at 
a d e g re e  of io n i z a t i o n  a t  w h ich  th e  n u m b e r  of c o l l i s io n s  b e tw ee n  two 
c h a rg e d  p a r t i c l e s  b e c o m e s  a p p ro x im a te ly  equa l to  the  n u m b e r  of 
c o l l i s io n s  b e tw e e n  a c h a r g e d  p a r t i c l e  and a n e u t r a l  ( i . e .  , n e u t r a l  
m o le c u le s  a r e  b e c o m in g  s c a r c e ) .  A t h ig h e r  p r e s s u r e s  the  io n iza t io n  
u n d e r  th e s e  c o n d i t io n s  i s  d e s c r ib e d  by S a h a 's  equ a tio n  (A1 56).
1 .4 . 3  T h e  anode  re g io n
T h is  r e g io n  p e r f o r m s  the  s a m e  fu n c tio n  a s  the  anode re g io n  
of th e  glow d i s c h a r g e ,  in  s u b s ta n t ia l ly  th e  s a m e  m a n n e r .  H o w ev er  
b e c a u s e  of the  h ig h e r  c u r r e n t s  e n c o u n te re d  in  an a r c ,  w hich  give 
r i s e  to  t h e r m a l  e f f e c t s ,  in c lu d in g  th e  e m is s io n  of e l e c t r o n s  and the  
e jec t io n  of v a p o u r  j e t s  f r o m  th e  an o d e ,  th e  p h y s ic s  of the  anode re g io n  
of the  a r c  i s  m u c h  m o r e  c o m p l ic a te d  th a n  th a t  of th e  glow . E C K E R  
(Ec 61) h a s  m o d if ied  h is  " c o n t r a c t io n "  th e o r y  of th e  ca thode  re g io n
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of th e  a r c  in  o r d e r  to  e x p la in  th e  b e h a v io u r  of the  anode re g io n .
1. 5 E A R L Y  STUDIES OF TH E MOTION OF A GLOW DISCHARGE 
IN A TR A N SV E R SE  MAGNETIC F IE L D
P o s s ib ly  th e  f i r s t  o b s e r v a t io n  of th e  m o tio n  of a gas  d is c h a rg e  
due to  a  t r a n s v e r s e  m a g n e t ic  f ie ld  w as m a d e  by S i r  H u m p h re y  DAVY 
(Da 21) w ho , in  1821 r e p o r te d  o b s e r v a t io n s  of th e  " r e p u ls io n  and 
ro ta t io n "  of a  low p r e s s u r e  c a r b o n  a r c  w hen  a p o w e rfu l  m a g n e t  w as 
b ro u g h t  n e a r  to  th e  a r c .
T h e  f i r s t  s y s te m a t i c  study  of th e  m o tio n  of a  gas  d i s c h a r g e  
in  a t r a n s v e r s e  m a g n e t ic  f ie ld  (T . M. F . ) w as  m a d e  by de la  RIVE 
(Ri 66) who s tu d ie d  th e  m o tio n  of a  glow d i s c h a r g e  with th e  a p p a r a tu s  
shown in  f ig u r e  1 .4 (a ) .  T he  d i s c h a r g e  i s  d r iv e n  a ro u n d  the  c i r c u m ­
f e r e n c e  of th e  c e n t r a l  g l a s s  tube  co n ta in in g  the  i r o n  ro d  by th e  r a d ia l  
c o m p o n en t of th e  m a g n e t ic  f ie ld  of th is  ro d .  De la  RIVE and 
SARASIN (Ri 71, Ri 72) found th a t:
(1) T he  v e lo c i ty  of ro ta t io n  of the  glow d is c h a r g e  in c r e a s e d  
a s  the  gas  p r e s s u r e  w as d e c r e a s e d ,  bu t m o r e  s low ly  th an  would be 
th e  c a s e  if  th e  v e lo c i ty  w as  in v e r s e ly  p ro p o r t io n a l  to  the  p r e s s u r e .
(2) At a  p a r t i c u l a r  g a s  p r e s s u r e  th e  v e lo c i ty  i s  a p p ro x im a te ly  
i n v e r s e ly  p r o p o r t io n a l  to  th e  d e n s i ty  of th e  gas  in  th e  tu b e .
(3) T he  v e lo c i ty  d e c r e a s e d  a s  th e  d i s c h a r g e  c u r r e n t  w as i n c r e a s e d .
In the  f i r s t  tw o  d e c a d e s  of th is  c e n tu r y  th e  m o tio n  of th e  glow
d is c h a r g e  in  a  T . M . F .  w as  s tu d ie d  f u r t h e r ,  u s in g  a p p a r a tu s  s i m i l a r
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FIG  1 .4  DISCHARGE T U B E S USED BY T H E  EARLY W ORKERS
(a) P E  LA RIVE'S DISCHARGE T U B E
B - A lu m in iu m  d is k  e le c t r o d e  
C - A lu m in iu m  r in g  e le c t r o d e  
D - O u te r  g la s s  w a ll  of the  e v a c u a ted  enve lope  
E - G la s s  tu b e .  In n e r  w all of th e  e v a c u a te d
envelope
F  - Soft i r o n  ro d . A "p o le "  of th e  e le c t r o m a g n e t  
G - Coil of th e  e l e c t r o m a g n e t .
(b) WILSON and M ARTYN'S DISCHARGE TU B E
H - G la s s  tu b e s  
J  - Ring e l e c t r o d e s  
K - C ooling  tu b e s  
L - Soft i r o n  rod  
M - D is c h a rg e  c h an n e l
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to  t h a t  of de la  R iv e .  WILSON and MARTYN (Wi 07) p e r f o r m e d  
e x p e r im e n t s  w ith  a  d i s c h a r g e  tu b e  so  d e s ig n e d  th a t  i t s  g e o m e t ry  
i s  a  c l o s e r  a p p ro x im a t io n  to  th e  id e a l  " c r o s s e d  f ie ld s "  g e o m e t ry  
( c u r r e n t  and m a g n e t ic  f ie ld  p e r p e n d ic u la r )  th a n  th e  u n s y m m e t r i c a l  
g e o m e t ry  u s e d  by de l a  R ive . T he  a r r a n g e m e n t  f o r  t h e i r  e x p e r im e n t  
i s  show n  in  f ig u re  1 .4 (b ) .  A b a n k  of s to r a g e  b a t t e r i e s  w as u sed  to  
supp ly  th e  d i s c h a rg e  c u r r e n t ,  r a t h e r  th a n  th e  in d u c tio n  c o i l  u se d  by 
de la  Riwe. T h e  u s e  of a  d i r e c t  c u r r e n t  p o w e r  supp ly  in s te a d  of an 
i n t e r m i t t e n t  supp ly  i s  a d e s i r a b l e  s im p l i f ic a t io n  of the  e x p e r im e n t .  
W ilso n  and M ar ty n  found th a t  the  v e lo c i ty  of ro ta t io n  of the  d is c h a rg e
v oc B /p  (1 .8 )
w h e re  B = m a g n e t ic  flux  d e n s i ty  (at th e  c e n t r e  of th e  d is c h a rg e )  
p = p r e s s u r e
f o r  n i t r o g e n ,  a i r ,  and h y d ro g e n .  T he  v e lo c i ty  w as found to  be 
a p p ro x im a te ly  i n v e r s e ly  p ro p o r t io n a l  to  the  m o le c u la r  w eigh t (dens ity )  
of the  g a s .  At low d i s c h a r g e  c u r r e n t s  th e  v e lo c i ty  d e c r e a s e d  s h a r p ly  
a s  c u r r e n t  i n c r e a s e d ,  b u t  above 12 mA w as  s u b s ta n t ia l ly  in dependen t 
of the  d i s c h a r g e  c u r r e n t .
A t h e o r y ,  b a s e d  on th e  co n cep t  of th e  m o b il i ty  (En 55) of 
c h a rg e d  p a r t i c l e s  in  a  g a s ,  g ives
v = B E k (k 2 (1 .9 )
w h e re  E  = e le c t r i c  f ie ld  a long  th e  d i s c h a rg e
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k p k ^  = m o b il i ty  of p o s i t iv e  and "n eg a t iv e  io n s "  r e s p e c t iv e ly .
T h is  th e o r y  a s s u m e s  th a t  co n d it io n s  a r e  u n ifo rm  a long  th e  
len g th  of the  d i s c h a r g e  ( i . e .  , b e tw e e n  th e  e l e c t r o d e s ) .
F r o m  th e  r e s u l t s  of th e s e  m e a s u r e m e n t s  , and  m e a s u r e m e n t s  
of the  H a ll  e f fe c t  in  a g a s  d i s c h a r g e ,  w hich  g iv e s  k-  ^ - k 2 , W ilso n  and 
M ar ty n  c a lc u la te d  th e  m o b i l i t ie s  of th e  p o s i t iv e  and n eg a tiv e  io n s .
Only th e  p o s i t iv e  ion  m o b il i ty  i s  in  o r d e r  of m a g n itu d e  a g r e e m e n t  w ith  
the  v a lu e s  o b ta in ed  by o th e r  m e th o d s .  M e a s u r e m e n ts  of the  v e lo c i ty  
of the  ro ta t in g  d i s c h a r g e ,  and the  H all e . m . f .  w e r e  m a d e  at d i f f e r e n t  
p r e s s u r e s .  T h e  ra n g e  of e x t r a p o la t io n ,  and th e  n a tu re  of th e  m e a s u r e ­
m e n ts  w e re  s u c h  th a t  t h e s e  w o r k e r s  c o n s id e r e d  th e  c a lc u la te d  v a lu e s  
of k*L and k2 w e re  " f a i r ly  r e l i a b l e "  only in  a i r ,  at th e  lo w e s t  p r e s s u r e s  
at which th e  v e lo c i ty  of th e  m ov ing  d i s c h a r g e  w as  m e a s u r e d .
S h o r t ly  a f t e r  th e  p u b l ic a t io n  of W ilso n  and M a r ty n 's  w o rk  
M ALLIK (Ma 08 ) p u b l ish e d  a  p a p e r  d e s c r ib in g  e x p e r im e n t s  on the  
ro ta t io n  of a  glow d i s c h a r g e  in  a  d i s c h a r g e  tu b e  w ith  th e  s a m e  g e o m e t ry  
a s  th a t  of de la  R iv e .  T h e  d i s c h a r g e  w as  p o w e re d  by an  in d u c t io n  c o i l .  
T h is  w o rk  c o n f i r m e d ,  f o r  a i r  and N2O, the  d e p en d en ce  of v e lo c i ty  on 
p r e s s u r e ,  m a g n e t ic  f i e ld ,  and g a s  d e n s i ty  o b s e r v e d  by W ilso n  and 
M ar ty n . H o w ev e r  f o r  C C ^ , C C l^ ,  and SO2, w hich  ten d  to  be  d e ­
c o m p o sed  by th e  d i s c h a r g e ,  pv w as  not c o n s ta n t ,  b u t in c r e a s e d  w ith
p r e s s u r e .
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T h e  v e lo c i ty  w as  found to  i n c r e a s e  when th e  n u m b e r  of c e l l s  
in  the  p r i m a r y  of th e  in d u c t io n  c o i l  w as i n c r e a s e d .  T h is  a p p a r e n t ly  
c o n t r a d i c t s  th e  o b s e r v a t io n  of W ilso n  and M ar ty n  th a t  the  v e lo c i ty  
d e c r e a s e d  a s  th e  c u r r e n t  w as  i n c r e a s e d .  H o w ev e r  i t  shou ld  be 
r e m e m b e r e d  th a t  in  M a l l ik 's  e x p e r im e n t  th e  d i s c h a r g e  c u r r e n t  i s  
m uch  lo w e r ,  and i n t e r m i t t e n t .
1 .6  T H E  WORK OF GUYE (Gu 21 a , b ,  Gu 23 a , b , c , d ,  Gu 27, Gu 17)
In th e  1920 's  a  g ro u p  of r e s e a r c h e r s  at G e n e v a ,  u n d e r  
C . E .  G U Y E , m ad e  a s y s t e m a t i c  study  of the  m o tio n  of a  g low  d i s c h a r g e  
in  a T . M . F .  T h e  d i s c h a r g e  c u r r e n t ,  su p p l ie d  by an In f lu en ce  M ach ine  
flow ed r a d ia l ly  b e tw ee n  c o n c e n t r i c  e l e c t r o d e s ,  and w as d r iv e n  a ro u n d  
th e  e l e c t r o d e s  by an a x ia l  m a g n e t ic  f ie ld .  T he  g e o m e t ry  of th e  
a p p a r a tu s  u s e d  fo r  t h e s e  e x p e r im e n t s  i s  show n in  f ig u re  1. 5. T h e  
e x p e r im e n ta l  r e s u l t s  of th i s  g ro u p  show  s ig n if ic a n t  d i f f e r e n c e s  f r o m  
th o se  of th e  e a r l i e r  w o r k e r s .
T h e s e  w o r k e r s  e x p e r ie n c e d  d if f icu l ty  in  o b ta in ing  r e p r o d u c e - 
ab le  r e s u l t s .  H o w ev e r  if  c a r e  w a s  ta k e n  to  u s e  p u re  g a s e s ,  th e  
d i s c h a r g e  c h a m b e r  w as  f lu sh e d  f re q u e n t ly  w ith p u re  gas  d u r in g  the  
c o u r s e  of an  e x p e r im e n t ,  and th e  e l e c t r o d e s  " g i ld e d " ,  r e p e a ta b le  
r e s u l t s  co u ld  be o b ta in e d  w ith  th i s  a p p a r a tu s  fo r  m o s t  g a s e s .  A rg o n  
and h y d ro g e n  did not g ive  r e g u l a r  r o ta t io n ,  ex ce p t  o v e r  a  l im i t e d  









- 3 4 -
FIG  1. 5 G U Y E'S  DISCHARGE TU B E
I n n e r  e l e c t r o d e .
O u te r  e l e c t r o d e .  T h is  e l e c t r o d e  m a y  be  m o v ed  
to  a d ju s t  th e  e l e c t r o d e s  fo r  c o n c e n t r i c i ty .  
D is c h a r g e  gap.
In n e r  w all of the  d i s c h a r g e  c h a m b e r .  T h e  o u te r  
e le c t r o d e  i s  s u p p o r te d  in  th i s  w a ll .
G la s s  tu b e .  In s u la t io n  b e tw e e n  th e  i n n e r  
e l e c t r o d e ,  and the  r e m a i n d e r  of th e  d i s c h a r g e  
c h a m b e r .
G la s s  c o v e r  p la te .





— MAGNETIC —  
FIELD
’ / / / / / / / / / , ' / / /  / / / /7 Y .
FIG 1-5 GUYE'S DISCHARGE TUBE
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s p e c t r o s c o p e  a lw ay s  show ed  m e r c u r y  l i n e s ,  the  m e r c u r y  c o n ta m i ­
n a t io n  o r ig in a t in g  in  th e  m a n o m e te r  u s e d  fo r  th e  m e a s u r e m e n t  of 
gas  p r e s s u r e .  G ild ing  the  e l e c t r o d e s  p re v e n te d  th e  fo r m a t io n  of 
a n o n -c o n d u c t in g  l a y e r  th a t  s low ed  th e  ro ta t in g  d i s c h a r g e .
T he  v e lo c i ty  ch anged  s lo w ly  a f t e r  e s ta b l i s h in g  the  d i s c h a r g e ,  
a t ta in in g  an e q u i l ib r iu m  va lue  a f t e r  so m e  m in u te s .  It w as  su g g e s te d  
th a t  th i s  change  w as due to  a d s o r b e d  im p u r i t i e s  b e in g  e je c te d  f ro m  
the  e l e c t r o d e s  and p e r h a p s  the  w a lls  of th e  d i s c h a r g e  tube  by th e  
a c t io n  of the  d i s c h a r g e .
U n d e r  good c o n d it io n s  r e s u l t s  r e p r o d u c e a b le  to  w ith in  3% 
w e re  o b ta in ed  f o r  m o s t  of th e  g a s e s  u s e d  in  th e s e  e x p e r im e n t s .
1 .6 .1  E x p e r im e n ta l  R e s u l t s
(1) T h e  d i s c h a r g e  v e lo c i ty  i s  p ro p o r t io n a l  to  th e  m a g n e t ic  f ie ld .
(2) E x p e r im e n ts  in  n i t r o g e n ,  w ith  the  c e n t r e  e le c t r o d e  the  
c a th o d e ,  show ed th a t  th e  d i s c h a r g e  v e lo c i ty  w as p ro p o r t io n a l  to  the  
d i s c h a r g e  c u r r e n t .
(3) V a r ia t io n  of v e lo c i ty  w ith  gas  p r e s s u r e .
O xygen , c e n t r e  e le c t r o d e  th e  anode (see  f ig u re  1. 6).
V e locity  i s  in v e r s e ly  p ro p o r t io n a l  to  p r e s s u r e ,  a t  a l l  b u t th e  lo w e s t  
p r e s s u r e s .
C e n t re  e le c t r o d e  the  ca thode  (see  f ig u re  1 .6 ) .  V e lo c ity
d e c r e a s e s  a s  p r e s s u r e  i n c r e a s e s .  H o w ev er  th e  c u r v a tu r e  of the
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FIG  1 .6  G U Y E'S  E X P E R IM E N T A L  R ESULTS - OXYGEN
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v e l o c i t y - p r e s s u r e  c u rv e  i s  o p p o s ite  to  th a t  o b ta in ed  w ith  the  c e n t r e  
e l e c t r o d e  th e  anode (see  f ig u r e  1 .6 ) .
N i t ro g e n ,  c e n t r e  e le c t r o d e  th e  anode (see  f ig u r e  1 , 7 ).
A s p r e s s u r e  i n c r e a s e s ,  th en  v e lo c i ty  d e c r e a s e s ;  th e n ,  (at about 
5 c m .  Hg w ith  a m a g n e t ic  f ie ld  of 165 g a u s s )  i n c r e a s e s  su d d en ly ,  
and th e n  m o r e  s lo w ly . A bove th i s  s h a r p  t r a n s i t i o n ,  the  d i s c h a r g e  
i s  b r i g h t ,  and n a r r o w ,  and th e  m o tio n  is  i r r e g u l a r .  T he  c u r r e n t  
fa l l s  w hen  p a s s in g  th ro u g h  the  t r a n s i t i o n ,  w ith  p r e s s u r e  in c r e a s in g .
C e n t r e  e l e c t r o d e  th e  c a th o d e .  U n d e r  th e s e  c o n d i t io n s ,  
at p r e s s u r e s  b e tw e e n  7 and 11 c m .  H g, the  d i s c h a r g e  in  n i t r o g e n  
sh o w s  th e  p h en o m en o n  of " sp o n tan e o u s  r o ta t io n "  - i . e .  , if  the  
m a g n e t ic  f ie ld  is  d e c r e a s e d  to  z e r o ,  th e  d i s c h a r g e  c o n t in u e s  to  
r o t a t e .  If th e  v e lo c i ty  of the  sp o n tan e o u s  r o ta t io n  i s  s u b t r a c te d  
f r o m  th a t  o b s e r v e d  in  th e  p r e s e n c e  of th e  m a g n e t ic  f ie ld ,  th e  r e s u l ­
ta n t  v e lo c i ty  is  i n v e r s e l y  p r o p o r t io n a l  to  p r e s s u r e  (at a l l  bu t th e  
lo w e s t  p r e s s u r e s )  (see  f ig u r e  1. 7).
A rg o n ,  c e n t r e  e le c t r o d e  ano d e . T h is  gas  sh o w s  two 
d i f f e r e n t  m o d e s  of r o t a t i o n ,  s i m i l a r  to  th o s e  o b s e r v e d  in  n i t r o g e n .
C e n t r e  e l e c t r o d e  c a th o d e .  T h e  r o ta t io n  is  i r r e g u l a r ,  and 
o c c u r s  only fo r  a  l im i te d  ra n g e  of p r e s s u r e s .
O th e r  g a s e s .  E x p e r im e n t s  w ith  CO , C O 2 , ^ O  and CH^ 
show ed  th a t  d i s c h a r g e s  in  th e s e  g a s e s  r o ta t e  only f o r  a  l im i te d  r a n g e  
of p r e s s u r e s .  At h ig h e r  p r e s s u r e s  th e  v e lo c i ty  i s  in v e r s e ly
- 3 9 -









FIG 1. 7 G U Y E'S  E X P E R I M E N T A L  R ES U L TS  - NITROGEN
C e n t r e  E l e c t r o d e  the  Anode - Note  " ju m p "  in c u r v e  " a " .
C e n t r e  E l e c t r o d e  the  Ca thode  - D o t ted  c u r v e s  "c"  and "d" 
a r e  the  d i f f e r e n c e s  b e tw e e n  c u r v e s  " a "  and " e "  and 
"b"  and "e "  r e s p e c t i v e l y ,  i . e .  , they  a r e  the  e x p e r i m e n t a l  
v e lo c i t i e s  l e s s  the  v e lo c i ty  of the  s p o n tan e o u s  ro ta t i o n .
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p r o p o r t io n a l  to  th e  p r e s s u r e .
(4) T h e  above  e x p e r im e n t s  w e r e  p e r f o r m e d  in  a d i s c h a r g e  tube  
w ith  an  o u t e r  e l e c t r o d e  of 5. 7 c m .  i .  d . , and  an in n e r  e le c t r o d e  of 
2. 55 c m .  d i a m e t e r .  A t te m p ts  w e r e  m a d e  to  m e a s u r e  the  v e lo c i ty  
of r o ta t io n  w ith  i n n e r  e l e c t r o d e s  of 1 .5 2  and  3 .5 2  c m .  d i a m e te r .
W ith  th e  1 .5 2  c m .  e l e c t r o d e  in  n i t r o g e n ,  th e  m o tio n  w as  to o  i r r e g u l a r  
to  m a k e  m e a s u r e m e n t s ,  th e  d i s c h a r g e  te n d in g  to  " s t i c k "  to  the  c e n t r e  
e l e c t r o d e .  W ith  th e  l a r g e r  e l e c t r o d e  th e  d i s c h a r g e  ten d ed  to  m ove  
m o re  r a p id ly  th a n  w ith  th e  2 .5 5  c m .  e l e c t r o d e .  H o w ev e r  th e  n a tu re  
of th e  p o w e r  su p p ly  u s e d  f o r  t h i s  e x p e r im e n t  (two in f lu en ce  m a c h in e s  
w e re  u se d )  w as  s u c h  th a t  th e  r e s u l t s  co u ld  not be  c o m p a r e d  w ith 
th o se  of th e  e x p e r im e n t s  w ith  th e  2. 55 c m .  e l e c t r o d e .
1. 6. 2 T h e o r y  of th e  r o ta t io n  of the  d i s c h a r g e
T he  fo llow ing  in d iv id u a l  p a r t i c l e  th e o ry  w as d ev e lo p ed  to  
e x p la in  th e  o b s e r v e d  d e p e n d e n c e  of the  d i s c h a r g e  v e lo c i ty  on p r e s s u r e ,  
and m a g n e t ic  f ie ld .
If an  e l e c t r i c  f ie ld ,  E ,  a c t s  in  th e  y  d i r e c t io n ,  and a  m a g n e t ic  
f ie ld ,  B ,  in  the  z d i r e c t i o n ,  a s  in  f ig u r e  1 . 8 ,  the  e q u a t io n s  d e s c r ib in g  
th e  m o tio n  of a  p a r t i c l e  of m a s s  m ,  c h a r g e  e ,  in  t h e s e  c r o s s e d  f ie ld s  
a r e :
u = - — ( 1 - c o s  t ) (1 .1 0 )
B m
. B e  , s in  —  tv E
B
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w h e re  u ,  v a r e  th e  in s ta n ta n e o u s  v e lo c i t ie s  of the  p a r t i c l e s  in  the  
x and y d i r e c t i o n s ,  r e s p e c t iv e ly ,  at a t im e  t .  (F o r  a  d e r iv a t io n  of 
th e s e  e q u a t io n s ,  s e e  TOWNSEND (To 12). T h e  m o tio n  of c h a r g e d  
p a r t i c l e s  in  c r o s s e d  e l e c t r i c  and m a g n e t ic  f ie ld s  i s  d i s c u s s e d  in 
s e c t io n  5. 1 of t h i s  th e s i s ) .
T h e  m e a n  d r i f t  v e lo c i ty  of the  p a r t i c l e s  in  th e  x d i r e c t io n ,  
u ' i s  g iv en  by d iv id ing  th e  m e a n  d is ta n c e  a p a r t i c l e  m o v es  in  the  
x d i r e c t io n  b e tw e e n  c o l l i s io n s ,  by the  m e a n  t im e  b e tw e e n  c o l l i s io n s ,  T .
E f  , B eT  /  B eT  A
- -  i  1 - ( s i n -----  ) ------  '•
B l m / m  / ( 1. 12 )
T h e  m e a n  v e lo c i ty  of a  p a r t i c l e  in  th e  y d i r e c t io n ,  v 1, m ay  be 
s i m i l a r ly  o b ta in ed
E f  B eT  I m
— <1 - co s  —  I  B eT (1 .1 3 )
It i s  a s s u m e d  th a t  the  m e a n  d is ta n c e  a p a r t i c l e  m o v e s  in  th e  y 
d i r e c t io n  b e tw e e n  c o l l i s io n s  i s  eq u a l  to  th e  m e a n  f r e e  path^/. i .  e . , 
the  p a r t i c l e s  a r e  not g r e a t ly  d e f le c te d  by th e  m a g n e t ic  f ie ld  b e tw e e n  
c o l l i s io n s .
T h e n  1  = T v 1
E_
B <
1 - cos B e T \/ (1 .1 4 )
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E x p a n d in g  th e  c o s in e ,  and ig n o r in g  t e r m s  in  th e  e x p a n s io n  of o r d e r  
g r e a t e r  th an  th e  s q u a r e  of B e T /m
£ = —  T 2 (1 .1 5 )
2m
T h e r e f o r e E = 2m£/ e T 2 (1 .1 6 )
S u b s t i tu t in g  f o r  E in  e q u a tio n  1. 12, and expand ing  the  s in e ,  as  
a b o v e ,
u» = X B e /m  (1. 17)
N ow , if  i t  i s  a s s u m e d  th a t  the  m o tio n  of th e  p o s i t iv e  io n s  c o n t ro ls  
the  d i s c h a r g e  v e lo c i ty  and th a t  p o s i t iv e  io n s  and m o le c u le s  have th e  
s a m e  d i a m e t e r ,  th en
l  = ( 4  tt r 2N) _1 (1. 18)
w h e re  r  = r a d iu s  of a m o le c u le  (o r  a p o s i t iv e  ion)
N = n u m b e r  of m o le c u le s  p e r  un it  v o lu m e .
T h is  eq u a tio n  a s s u m e s  th a t  an io n  and a m o le c u le  w ill  
c o l l id e  i f  t h e i r  c e n t r e s  p a s s  w ith in  2 r  of e ac h  o th e r .  T h is  co n cep t  
had i t s  o r ig in s  in  th e  K ine tic  T h e o ry  of g a s e s ,  and h a s  b e e n  t r a n s ­
f e r r e d  to  io n - m o le c u le  c o l l i s io n s  , i t  be in g  a s s u m e d  th a t  the  ion  and 
th e  m o le c u le  h av e  th e  s a m e  d i a m e t e r ,  and th a t  th e  io n s  a r e  m oving  
m o r e  r a p id ly  th a n  th e  m o le c u le s  (Co 41).
F r o m  e q u a tio n s  1 .1 7  and 1 .1 8
. eB
U '  = ------------------K----------
12 r r  r ^  Nm
(1 .1 9 )
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T h e  d i s c h a r g e  v e lo c i ty  m e a s u r e d  a t h igh p r e s s u r e s ,  w h e re  
v e lo c i ty  i s  i n v e r s e ly  p ro p o r t io n a l  to  p r e s s u r e ,  h a s  b e e n  u sed  by 
G uye to  c a lc u la te  r , u s in g  eq u a tio n  1 .1 9 .  T h e  v a lu e s  o b ta ined  in  
th i s  way show  good a g r e e m e n t  w ith  th e  v a lu e s  of r  f o r  n e u t r a l  
m o le c u le s  o b ta in ed  f ro m  v is c o s i ty  m e a s u r e m e n t s .  It shou ld  be  
n o ted  th a t  e q u a tio n  1 .1 9  g iv e s  the  c o r r e c t  d ep en d en ce  of d i s c h a r g e  
v e lo c i ty  on m a g n e t ic  f ie ld  and p r e s s u r e ,  b u t  does  not ex p la in  the  
v a r i a t i o n  of v e lo c i ty  w ith  d i s c h a r g e  c u r r e n t .
1. 7 T H E  ARC DISCHARGE IN A TR A N SV ERSE MAGNETIC F IE L D : 
R ET R O G R A D E  MOTION
V e r y  l i t t l e  i n t e r e s t  h a s  b e e n  show n in  th e  m o tio n  of a  glow 
d i s c h a r g e  u n d e r  the  in f luence  of a T .  M. F .  s in c e  the  w o rk  of Guye 
and h is  c o - w o r k e r s .  T he  op p o s ite  i s  t r u e  f o r  the  m o tio n  of the a r c  
in a T .  M. F .  , w hich  h a s  b e e n  s tu d ie d  e x te n s iv e ly  s in c e  W orld  W a r  II. 
T h e  m o tio n  of an a r c  in  a T .  M .F .  i s  of i n t e r e s t  f o r  two r e a s o n s ,  
one t e c h n i c a l ,  the  o th e r  s c ie n t i f ic .
(1) M any c o m m e r c i a l  c i r c u i t  b r e a k e r s  u t i l iz e  " c r o s s e d - f i e l d s "  
g e o m e t r i e s .
(2) U n d e r  c e r t a in  co n d it io n s  th e  a r c  m o v e s  in  the  d i re c t io n  
o p p o s i te  to  th a t  of the  j x B fo r c e  on th e  d i s c h a r g e  - a phenom enon  
r e f e r r e d  to  as  ’' r e t r o g r a d e  m o tio n "  o r  " r e v e r s e  d r iv in g " .
In 1928 MINORSKY (Mi 28) p u b l ish e d  a p a p e r  d e s c r ib in g  a 
s tudy  of th e  m otion  of a m e r c u r y  a r c  in  a p p a r a tu s  s i m i l a r  to  th a t
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u s e d  by W ilso n  and M ar ty n  (see  f ig u re  1 .4 b ) .  T he  a r c  w as  o b s e r v e d  
to  m ove  in  th e  r e t r o g r a d e  d i r e c t io n  at low p r e s s u r e s .  T h is  w as  the  
f i r s t  o b s e r v a t io n  of th e  r e t r o g r a d e  m o tio n  of an a r c  in  an  a p p a r a tu s  
w ith  a g e o m e t r y  of i n t e r e s t  in  r e l a t io n  to  th is  t h e s i s ,  a lthough  th e  
te n d en cy  of th e  ca th o d e  re g io n  of an  a r c  to  m ove  in  th e  r e t r o g r a d e  
d i r e c t io n  had  p re v io u s ly  b e e n  r e p o r t e d  by  STA RK  (St 03) and 
W EIN TRA U B (We 04).
A few m o n th s  l a t e r  TA N BERG  (T a  29) r e p o r te d  th a t  an a rc  
s t r u c k  b e tw e e n  s t r a ig h t  p a r a l l e l  so lid  e l e c t r o d e s  ( i . e .  , a g e o m e try  
su ch  a s  th a t  of f ig u re  1. l a )  m oved  in  th e  r e t r o g r a d e  d i r e c t io n  at 
r e d u c e d  p r e s s u r e .  T h i s  w o rk  of M in o rsk y  and T a n b e rg  m ay  be  c o n ­
s id e r e d  the  b eg in n in g  of the  e x te n s iv e  m o d e rn  s tudy  of the  m o tio n  of 
an a r c  in  a T .  M .F .
SM IT H , who s in c e  th e  e a r l y  d ay s  of W o rld  W a r  II h a s  m ade  
an  e x te n s iv e  s tudy  of m e r c u r y  a r c s ,  h a s  e x ten d ed  th e  w o rk  of 
M in o rsk y  on th e  r e t r o g r a d e  m o tio n  of m e r c u r y  a r c s  (Sm 42 , Sm 43, 
Sm 4 5 , Sm  46). He o b s e r v e d  th a t  the  "w ind" of g a s  f ro m  the  co lu m n  
of th e  a r c  is  in  th e  A m p e r ia n  d i r e c t io n ,  ev en  w hen th e  a r c  m o v es  in  
th e  r e t r o g r a d e  d i r e c t io n .  T h is  g a s  b la s t  o r ig in a te s  f ro m  m o m en tu m  
t r a n s f e r r e d  f r o m  the  io n s  and e le c t r o n s  in  th e  d i s c h a r g e  to  the  gas  
th ro u g h  w hich  th e  d i s c h a r g e  m o v e s .  T he  A m p e r ia n  s e n s e  of th is  
b l a s t  in d ic a te s  th a t  th e  co lu m n  i s  not th e  s e a t  of th e  r e t r o g r a d e
m o tio n  - the  f o r c e  on th e  c o lu m n  s t i l l  a p p e a r s  to  b e  in  th e  A m p e r ia n
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s e n s e ,  M ore  r e c e n t  o b s e r v a t io n s  by th is  w o r k e r  (Sm 5 7. See a l s o  
Sm 46) on th e  r e t r o g r a d e  m o tio n  of an  " a n c h o re d "  m e r c u r y  a r c  in  
th e  a p p a r a tu s  shown in  f ig u re  1. 9, tend  to  c o n f i rm  th i s  c o n c lu s io n ,  
and po in t to  th e  ca th o d e  re g io n  a s  th e  s e a t  of th e  r e t r o g r a d e  m o tio n .  
T h e  m a g n e t ic  f ie ld  i s  t r a n s v e r s e  to  the  c u r r e n t  only a t the  c a th o d e ,  
so  th a t  the  c a th o d e  r e g io n  (and p a r t  of the  p o s i t iv e  co lu m n ) i s  th e  
only r e g io n  of the  a r c  d r iv e n  by th e  m ag n e t ic  f ie ld .
F r o m  im m e d ia te ly  a f t e r  W o rld  W a r  II , u n t i l  th e  p r e s e n t  
t i m e ,  the  study of a r c  m o tio n  in  a  T .  M . F .  h a s  b e e n  e x te n s iv e ly  
p u r s u e d  by m an y  r e s e a r c h e r s * .  A s t im u lu s  f o r  th i s  w o rk  w as  
p ro v id e d  by th e  W o rld  W a r  II o b s e r v a t io n  of r e t r o g r a d e  m o t io n  of 
th e  a r c  in  c i r c u i t  b r e a k e r s  in  h ig h - f ly in g  a i r c r a f t .  (Hi 48).
1 .7 .1  A rc  m otion : th e  e x p e r im e n ta l  f a c ts  (Ec 61 , Gu 61) 
A lthough  th e r e  a r e  in c o n s i s t e n c ie s  b e tw e e n  so m e  s e t s  of 
e x p e r im e n ta l  r e s u l t s ,  the  a c c e p te d  b e h a v io u r  of an a r c  m o v in g  
u n d e r  the  in f lu en c e  of a  T ,  M .F ,  i s  as  fo llow s:
(1) R e t r o g r a d e  m o tio n  i s  a low p r e s s u r e  e f fe c t .  As p r e s s u r e  
i n c r e a s e s  th e  r e t r o g r a d e  v e lo c i ty  d e c r e a s e s ,  th e  a r c  b e c o m e s  
s t a t i o n a r y ,  a n d ,  a s  p r e s s u r e  i n c r e a s e s  s t i l l  f u r t h e r ,  m o v e s  off in
* T h e  p o s t - w a r  l i t e r a t u r e  on the  m o tio n  of an a r c  in  a  T . M . F .  , 
i s  v e ry  e x te n s iv e .  A l i s t  of th e  p a p e r s  on th i s  to p ic  p u b l ish e d  
s in c e  1944 i s  in c lu d e d  in  the  b ib l io g ra p h y  a t  the  b a c k  of th i s  
t h e s i s .
FIG  1. 9 TH E R ET RO G R A D E MOTION O F  AN "A N CH O RED "
MERCURY ARC (A F T E R  SMITH)
A A node .
B M olybdenum  " s tu m p " .
C M e rc u ry  p o o l .
D "W ettin g "  l in e .  T he  ca th o d e  sp o t  m o v es  a long  
th i s  l in e .
E A r c  co lu m n .
F C athode  sp o t .  T h e  c u r r e n t  flow in  the  spo t i s  
p e r p e n d ic u la r  to  th e  m a g n e t ic  f ie ld .
RETROGRADE MOTION
FIG 1-9 RETROGRADE MOTION OF AN 
"ANCHORED"MERCURY ARC
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th e  A m p e r ia n  s e n s e  (Ya 50).
(2) T he  r e t r o g r a d e  v e lo c i ty  i n c r e a s e s  a s  m a g n e t ic  f ie ld  
i n c r e a s e s .  At m o d e r a te  p r e s s u r e s  th e  f o r w a rd  v e lo c i ty  o b s e r v e d  
a t low m a g n e t ic  f ie ld s  d e c r e a s e s  th ro u g h  z e r o  to  b e c o m e  a r e t r o ­
g ra d e  v e lo c i ty  a s  the  m a g n e t ic  f ie ld  i n c r e a s e s .  (St 54)
At h igh  m a g n e t ic  f ie ld s  the  r e t r o g r a d e  v e lo c i ty  i s  not 
s t ro n g ly  d ep en d en t on th e  f ie ld .  H o w ev e r  a t v e ry  h igh  m a g n e t ic  
f ie ld s  (above 1 0 ,0 0 0  g a u s s )  th e  r e t r o g r a d e  v e lo c i ty  of a low p r e s s u r e  
m e r c u r y  a r c  h a s  b e e n  o b s e r v e d  to  i n c r e a s e  s h a r p ly  a s  the  m a g n e t ic  
f ie ld  i n c r e a s e s ,  to  double  i t s  p re v io u s  v a lu e .
A f o r w a r d  a r c  v e lo c i ty  th a t  i n c r e a s e s  a s  m a g n e t ic  f ie ld  
i n c r e a s e s  is  o b s e r v e d  n e a r  a tm o s p h e r i c  p r e s s u r e .  (Se 59)
(3) T h e  a r c  v e lo c i ty  i s  not s t ro n g ly  d ependen t on a r c  c u r r e n t ,  
e x cep t  at low c u r r e n t s ,  p ro v id e d  the  c u r r e n t  i s  fed  to  th e  a r c  in  
su ch  a m a n n e r  th a t  th e  m a g n e t ic  f ie ld  of th e  c u r r e n t  in  th e  e l e c t r o d e s  
h a s  a n e g l ig ib le  d r iv in g  e ffec t  on the  a r c  (Se 59, Gu 58, St 54, G a 50). 
F o r  low c u r r e n t  a r c s  (of th e  o r d e r  of a m p e r e s )  at low p r e s s u r e s ,  
w h e re  the  m o tio n  is  in  th e  r e t r o g r a d e  d i r e c t io n ,  and n e a r  a t m o s ­
p h e r ic  p r e s s u r e ,  in c r e a s in g  th e  a r c  c u r r e n t  i n c r e a s e s  th e  m a g n itu d e  
of the  v e lo c i ty  (St 54, Gu 58). At m o d e ra te  p r e s s u r e s  and low 
c u r r e n t s  an  i n c r e a s e  of c u r r e n t  d e c r e a s e s  th e  r e t r o g r a d e  v e lo c i ty ,  
and can  ev en  give a r e v e r s a l  of th e  d i r e c t io n  of m o tio n .
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T he o c c u r r e n c e  of th e  sudden  doub ling  of the  v e lo c i ty  of 
low p r e s s u r e  m e r c u r y  a r c s  o b s e r v e d  at h igh  m a g n e t ic  f ie ld s  is  
d ep en d en t on a r c  c u r r e n t ;  the  h ig h e r  th e  c u r r e n t ,  th e  lo w e r  th e  
m a g n e t ic  f ie ld  a t w hich  th e  v e lo c i ty  i n c r e a s e s .  (Ze 59, St 55)
(4) T h e  v e lo c i ty  and n a tu r e  of th e  m o tio n  ( i . e .  , s m o o th ,  o r  
i r r e g u l a r )  depend  on the  ca th o d e  m a t e r i a l ,  and the  n a tu re  of the  
ca th o d e  s u r f a c e  ( i . e .  , th e  p o l i s h ,  and the  d e g re e  of o x ida tion ) .
(Gu 61, L e  61)
(5) If th e  gap b e tw e e n  the  e l e c t r o d e s  i s  d e c r e a s e d  the  a r c  
v e lo c i ty  d e c r e a s e s  (Se 59). At su i ta b ly  low p r e s s u r e s  i t s  d i r e c t io n  
m a y  even  b e  r e v e r s e d  (Ro 56). T he  m o tio n  i s  so m ew h a t  m o r e  
r e g u la r  fo r  s m a l l e r  gaps  (Se 59).
(6) R e t r o g r a d e  m o tio n  does  not o c c u r  f o r  h e a te d  c a th o d e s  
(Ga 4 9). (H ow ever  r e t r o g r a d e  m o tio n  of the  " b a l l - o f - f i r e "  in  th e  
" b a l l - o f - f i r e "  m ode of a  ho t ca th o d e  m e r c u r y  a r c  h a s  b e e n  o b s e r v e d  
by HERNQVIST and JOHNSON (He 55). T h i s  un ique  p h enom enon  
c o n s i s t s  of the  m o tio n  of th e  b a l l  th ro u g h  a  " d a r k "  p l a s m a  r e g io n ,  
r a t h e r  th an  th e  m o tio n  of a  d i s c r e t e  d i s c h a r g e .  T h is  p h en o m en o n
is  beyond th e  sco p e  of th is  re v ie w ) .
(7) T h e  h ig h e r  th e  f i r s t  e x c i ta t io n  p o te n t ia l  of th e  gas  in  w hich  
th e  d i s c h a r g e  r u n s ,  th e  h ig h e r  th e  p r e s s u r e  at w hich  the  d i r e c t io n  
of m otion  r e v e r s e s  (Ga 50, G a  4 7).
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1. 7. 2 T h e o r i e s  of the  m o tion  of an  a r c  in  a t r a n s v e r s e  
m a g n e t ic  f ie ld
M any t h e o r i e s ,  m o s t ly  of a  h ig h ly  s p e c u la t iv e  n a tu r e ,  have  
b e e n  d e v e lo p e d  to  e x p la in  th e  r e t r o g r a d e  m o tio n .  M ost of th e s e  
t h e o r i e s  a r e  only  q u a l i ta t iv e .  At p r e s e n t  only o n e ,  th a t  of E C K E R  
and M U L L E R  (Ec 58, Gu 61) a p p e a r s  to  give a  s a t i s f a c to r y  e x p la ­
n a t io n  of th e  o b s e r v e d  f o r w a rd  and r e t r o g r a d e  v e l o c i t i e s ,  and the  
p r o p e r t i e s  of th e  m oving  a r c .  H o w e v e r ,  th e  o th e r  t h e o r i e s  w ill  be  
m e n tio n e d  b r i e f ly  (w ithout d i s c u s s io n )  to  in d ic a te  th e  wide r a n g e  of 
id e a s  c a l l e d  upon  to  ex p la in  th e  r e t r o g r a d e  m o tio n .  I t  should  be no ted  
th a t  e v e r y  one of th e s e  t h e o r i e s  in v o lv e s  the  ca th o d e  re g io n  of th e  a r c .  
C r i t i c a l  d i s c u s s io n s  of t h e s e  t h e o r i e s  a r e  g iven  in  p a p e r s  by E C K E R  
(Ec 61, E c  58), Z E I and WINANS (Ze 59), SMITH (Sm 57), St. JOHN 
and WINANS (St 55), YAMAMURA (Ya 50), and G A LL A G H E R  and 
COBINE (Ga 4 9).
1. T h e  MINORSKY th e o ry  (Mi 28) E l e c t r o n s  f r o m  th e  a r c  
d r i f t  ah ea d  of th e  a r c  u n d e r  th e  in f lu en ce  of the  c r o s s e d  e l e c t r i c  
and m a g n e t ic  f i e ld s .  (The d r i f t  of c h a r g e d  p a r t i c l e s  in  th i s  fa sh io n  
is  d i s c u s s e d  by  S P IT Z E R  (Sp 56), and in  s e c t io n  5. 1 of th is  t h e s i s .  ) 
T he  e l e c t r o n s  m ove  a ro u n d  the  a n n u la r  gap  in  w hich  the  a rc  m o v e s ,  
to  b u ild  up  a n e g a t iv e  s p a c e  c h a rg e  on the  r e t r o g r a d e  s id e  of the  
ca th o d e  s p o t .  T h i s  c h a r g e  d ra g s  the  p o s i t iv e  c h a r g e  above the  
ca th o d e  sp o t  in  th e  r e t r o g r a d e  d i re c t io n .
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2. T A N B E R G  (Ta 29) and o th e r s  (We 04) have  s u g g e s te d  th a t  
th e  v a p o u r  je t  f r o m  th e  ca th o d e  sp o t  c o n s i s t s  p a r t ly  of p o s i t iv e  i o n s , 
w h ich  a r e  d e f le c te d  by th e  m a g n e t ic  f ie ld  to  s t r i k e  the  c a th o d e  on 
the  r e t r o g r a d e  s id e  of the  sp o t ,  r e s u l t i n g  in  th e  in i t i a t io n  of a  new 
sp o t  on th e  r e t r o g r a d e  s id e  of th e  o r ig in a l  sp o t .
3. T h e r m o e l e c t r i c  e f fe c ts  (Li 60, pp. 1 8 2 -1 8 4 , W a 54)
T h e  R ig h i -L e d u c  e ffec t  (a flow  of h e a t  p e r p e n d ic u la r  to  a  m ag n e t ic  
f ie ld ,  and  a t e m p e r a t u r e  g r a d ie n t  p e r p e n d ic u l a r  to  th e  f ie ld )  (Sm 42) 
and von  E t t i n g s h a u s e n 's  e f fe c t  (flow of h e a t  in  th e  E x B d i r e c t io n )  
(Wa 54) h a v e  b o th  b e en  u s e d  to  e x p la in  r e t r o g r a d e  m o tio n .
4. R O TH ST EIN  (Ro 50) s u g g e s ts  th a t  the  g a s  d e n s i ty  above the  
ca th o d e  sp o t  i s  so  g r e a t  th a t  i t  r e s e m b l e s  a so l id .  E n e rg y  le v e l s  a r e  
s p r e a d  out in to  " b a n d s " .  " H o le s "  in  th e s e  b a n d s  a r e  d e f le c te d  in  the  
r e t r o g r a d e  s e n s e ,  r e s u l t in g  in  th e  c a th o d e  spo t m ov ing  in th i s  s e n s e .
5. I n t e r a c t i o n  of th e  s e l f  f ie ld  of th e  c u r r e n t  in  the  ca th o d e  
re g io n  of th e  d i s c h a r g e ,  w ith  th e  ap p lied  m a g n e t ic  f ie ld  g iv e s  a v e ry  
n o n -u n i fo rm  m a g n e t ic  f ie ld  in  th e  ca th o d e  re g io n .  P U P K E  (Pu 56) 
s u g g e s t s  th a t  the  r e t r o g r a d e  m o tio n  r e s u l t s  f r o m  d ia  - and p a r a ­
m a g n e t ic  f o r c e s  on  th e  c a th o d e  re g io n  due  to  th i s  n o n -u n ifo rm  f ie ld .  
A c c o rd in g  to KESAEV (Ke 57), th i s  f ie ld  a s s y m e t r y  g iv e s  r i s e  to  an 
a s y m m e t r i c a l  c h a r g e  d i s t r ib u t io n  in  th e  ca th o d e  s p o t ,  w hich  r e s u l t s  
in  th e  ca th o d e  r e g io n  m oving  in  th e  r e t r o g r a d e  d i r e c t io n .
ROBSON and von E N G E L  (Ro 54) have  p ro p o s e d  th a t  th e
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a r c  i s  s h a r p ly  b e n t  n e a r  th e  ca th o d e  by th e  A m p e r ia n  f o r c e .  B e c a u se  
of th i s  b e n d in g ,  the  s e l f  f ie ld  at one s id e  of the  ca th o d e  re g io n  i s  
m u c h  s t r o n g e r  th an  a t th e  o th e r  s id e .  T h e  r e s u l t a n t  l a r g e  r e v e r s e  
f ie ld  on one s id e  of th e  ca th o d e  re g io n  d r iv e s  th e  a r c  in  th e  r e t r o ­
g ra d e  d i r e c t io n .
6. LONGINI (Lo 4 9) s u g g e s t s  th a t  th e  m o tio n  of th e  e l e c t r o n s  in  
th e  ca th o d e  fa ll  r e g io n  in  th e  A m p e r ia n  s e n s e  r e s u l t s  in  th e  e l e c t r i c  
f ie ld  in  th e  ca th o d e  re g io n  - w h ich  i s  th e  d i f f e r e n c e  b e tw ee n  a s t ro n g  
p o s i t iv e  ion  f ie ld  and a w e a k e r  e l e c t r o n  f ie ld  - m ov ing  in  the  r e t r o ­
g ra d e  d i r e c t io n .  I t  i s  a s s u m e d  th a t  the  ca th o d e  spo t i s  c e n t r e d  on 
th i s  f ie ld .
7. YAMAMURA (Ya 50) and H IM L E R  and COHN (Hi 48) a s s u m e  
th a t  e l e c t r o n s  a r e  e m i t te d  f r o m  th e  ca th o d e  sp o t  in  a l l  d i r e c t io n s .  
T h o se  e m i t te d  in  the  A m p e r ia n  d i r e c t io n  a r e  d e f le c te d  in to  the  
ca th o d e  by  th e  T .  M. F . ;  th o s e  e m i t te d  on th e  o th e r  s id e  of the  spo t 
a r e  d e f le c te d  u p w a rd s  by  th e  f ie ld ,  and p ro d u c e  io n iz a t io n  on the  
r e t r o g r a d e  s id e  of th e  sp o t  w h ich  r e s u l t s  in  th e  r e - e s t a b l i s h m e n t
of the  spo t on th e  r e t r o g r a d e  s id e  of th e  o r ig in a l  sp o t .
8. St. JOHN and WINANS (St 54, St 55, Z e  5 9) d i s c u s s  the  
m otion  of c h a rg e d  p a r t i c l e s  u n d e r  the  in f lu en c e  of th e  T .  M .F .  , and 
the  c h a r g e s  p r e s e n t  in  th e  ca th o d e  fa l l  r e g io n  of th e  a r c .  An e le c t r o n  
f ro m  th e  ca thode  sp o t  w il l  p ro d u c e  an ion  on th e  A m p e r ia n  s id e  of the  
sp o t .  H o w e v e r ,  u n d e r  th e  in f lu en c e  of th e  e l e c t r o s t a t i c  f o r c e s ,  the
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ion  p ro d u c e d  w ill  p a s s  th ro u g h  th e  ca th o d e  fa l l  re g io n  b e f o r e  b e in g  
d e f le c te d  by th e  T .  M .F .  to  s t r i k e  th e  c a th o d e  on the  r e c t r o g r a d e  
s id e  of th e  sp o t .  T h e  sp o t  b e c o m e s  e s t a b l i s h e d  a t  th e  po in t w h e re  
the  io n s  s t r i k e  th e  ca th o d e  - i . e .  , i t  m o v e s  in  the  r e t r o g r a d e  
d i r e c t io n .
9. E C K E R  and M U L L E R  (Ec 58, Gu 61) have  d ev e lo p ed  a 
th e o ry  of th e  r e t r o g r a d e  m o tio n  of a r c s  at low  p r e s s u r e s ,  b a s e d  on 
E c k e r ' s  d e s c r i p t i o n  of the  ca th o d e  r e g io n  of th e  a r c  (see  s e c t io n  1 .4 .  1). 
G U IL E , LEW IS and S E C K E R  (Gu 61, Se 61) have  im p r o v e d  th i s  th e o ry  
and a r e  e x ten d in g  i t  in  an  e n d e a v o u r  to  ex p la in  the  m o tio n  of a r c s  a t 
a tm o s p h e r i c  p r e s s u r e .
A c c o rd in g  to  th i s  th e o ry  the  r e t r o g r a d e  m o tio n  o c c u r s  only 
fo r  an  a r c  w ith  e x t r e m e  c o n t r a c t i o n  of th e  ca th o d e  r e g io n ,  in  w hich  
the  p o s i t iv e  io n  c o m p o n en t of th e  ca th o d e  c u r r e n t  i s  p ro d u c e d  by  f ie ld  
io n iz a t io n  ( i . e .  , io n iz a t io n  due to  e l e c t r o n s  a c c e l e r a t e d  in  th e  e l e c t r i c  
f ie ld  of th e  c a th o d e  fa l l  r e g io n )  a t th e  to p  of th e  p o s i t iv e  s p a c e  c h a r g e  
re g io n .  M ost of the  c a th o d e  c u r r e n t  i s  c a r r i e d  by e l e c t r o n s  in  th is  
c a s e .  A r a d i a l  e l e c t r i c  f ie ld  p r e v e n t s  e l e c t r o n s  m oving  f r o m  the  
sp a c e  c h a r g e  re g io n ,  i . e .  , th e y  a r e  c o n s t r a in e d  to  m ove a lo n g  a 
p o te n t ia l  tu b e  th a t  fo llow s  th e  p a th  of th e  h igh  d e n s i ty  s t r e a m  of 
p o s i t iv e  io n s  th a t  flow s to  th e  c a th o d e  f r o m  th e  p l a s m a  re g io n ,  u n ti l  
they  r e a c h  th e  top  of th e  s p a c e  c h a r g e  r e g io n ,  w h e re  they  have  g a in ed  
enough e n e r g y  to  e s c a p e  f r o m  th i s  p o te n t ia l  w e ll .
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A T .  M. F .  b e n d s  th e  s t r e a m  of io n s  th a t  g iv e s  r i s e  to  the  
s p a c e  c h a r g e  in  th e  A m p e r ia n  d i r e c t io n  a s  shown in  f ig u re  1 . 10(a). 
H ence  e l e c t r o n s ,  m ov ing  up the  p o te n t ia l  tu b e ,  m ove in i t ia l ly  in  th e  
r e t r o g r a d e  d i r e c t io n .  T h e i r  in i t i a l  r e t r o g r a d e  v e lo c i ty  c a u s e s  
th e m  to  e s c a p e  f r o m  the  r e t r o g r a d e  s id e  of the  p o te n t ia l  tu b e s  
( f ig u re  1. 10(b)). T he  io n s  p ro d u c e d  by th e s e  e l e c t r o n s  s t r i k e  the  
ca th o d e  on th e  r e t r o g r a d e  s id e  of th e  o r ig in a l  c a th o d e  s p o t ,  in i t ia t in g  
a new sp o t  on th e  r e t r o g r a d e  s id e  th e  o r ig in a l  s p o t .  At h ig h e r  
p r e s s u r e s  th e  e l e c t r o n s  lo s e  t h e i r  o r ig in a l  r e t r o g r a d e  v e lo c i ty  
c o m p o n en t  in  c o l l i s io n s .  T h e y  d r i f t  out of th e  io n  tu b e  on th e  
A m p e r ia n  s id e  of th e  s p a c e  c h a rg e  r e g io n  u n d e r  the  in f lu en c e  of 
th e  c r o s s e d  e l e c t r i c  and m a g n e t ic  f ie ld s  (f ig u re  1 .1 0 (c ) ) ,  r e s u l t in g  
in  a  new ca th o d e  sp o t  b e in g  fo r m e d  on the  A m p e r ia n  s id e  of th e  old 
sp o t .
1 .8  R E C E N T  WORK ON T H E  GLOW  DISCHARGE IN A TR A N SV ER SE 
M AGNETIC F IE L D
Since  th e  c o m p le t io n  of the  w o rk  of Guye and h is  c o - w o r k e r s  
only  two g ro u p s  have  s tu d ie d  th e  m o tio n  of a  glow d is c h a r g e  in  a  
T .  M .F .  G RO TH  (G r 25) h a s  r e p o r te d  b r ie f ly  a  r e p e t i t io n  of s o m e  
of the  e x p e r im e n t s  p e r f o r m e d  p r e v io u s ly  w ith  de la  Rive's a p p a r a t u s , 
an d , s in c e  W o rld  W a r  II a  g ro u p  of w o r k e r s  at th e  U n iv e r s i ty  of 
M ich igan  h av e  s tu d ie d  th e  m o tion  of a  d i s c h a r g e  in  h igh  m a g n e t ic  
f ie ld s  a t  low gas  p r e s s u r e s  (E a  50, E a  58).
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FIG  1 .1 0  T H E  FO R M A T IO N  O F NEW ION TU BES
(a) T h e  s t r u c t u r e  of an  io n  tu b e .  T h e  m a g n e t ic  f ie ld  
c a u s e s  the  io n  s t r e a m  to  bend  in  the  A m p e r ia n  
d i r e c t io n  a s  show n.
(b) T h e  m o tio n  of an  e l e c t r o n  a t low  p r e s s u r e .  T h e  
e l e c t r o n  r e t a i n s  i t s  i n i t i a l  r e t r o g r a d e  v e lo c i ty  
c o m p o n en t ,  and  e s c a p e s  f r o m  th e  p o te n t ia l  w ell 
on th e  r e t r o g r a d e  s id e  of the  ca th o d e  s p o t .
(c) T he  m o tio n  of an  e l e c t r o n  a t h igh  p r e s s u r e s .
T h e  e le c t r o n  lo s e s  i t s  r e t r o g r a d e  v e lo c i ty  
c o m p o n en t in  c o l l i s io n s ,  and e s c a p e s  f ro m  th e  
p o te n t ia l  w e ll  on the  A m p e r ia n  s id e  of the  








FIG HO FORMATION OF NEW ION TUBES
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H o w ev e r  m uch  a t te n t io n  h a s  b e e n  pa id  to  the  "g low  d i s c h a r g e "  
in  a  T .  M . F .  a t v e ry  low p r e s s u r e s  ( e .g .  , So 53, So 48 , Re 58).
T h e  d i s c h a r g e  g e o m e t ry  i s  g e n e r a l ly  s i m i l a r  to  th a t  of f ig u r e  1. 1(b) - 
c o n c e n t r i c  e l e c t r o d e s  in  an  a x ia l  m a g n e t ic  f ie ld .  T h e  p r e s s u r e  i s  
su ch  th a t  the  d i s c h a r g e  c o m p le te ly  f i l l s  the  d i s c h a r g e  tu b e .  T h is  
w o rk  i s  no t of i n t e r e s t  in  r e la t io n  to  th i s  t h e s i s ,  a p a r t  f r o m  th e  
d e s c r ip t i o n s  of p a r t i c l e  m o tio n  c o n ta in ed  in  tw o of th e s e  p a p e r s  
(So 53 , Re 58).
T he  M ich igan  g ro u p  have  s tu d ie d  the  ro ta t in g  glow d i s c h a r g e ,  
and an  unco n fin ed  glow d i s c h a r g e  ru n n in g  b e tw e e n  s m a l l  e l e c t r o d e s ,  
so  th a t  i t  canno t r o ta t e  (see  f ig u re  1. 11) (Me 51, Me 53). T h e  l a t t e r  
d i s c h a r g e  w as  s tu d ie d  to  a s s i s t  in  u n d e r s ta n d in g  the  b e h a v io u r  of th e  
ro ta t in g  d i s c h a r g e .
T h e  s ta t io n a r y  d i s c h a r g e  is  o b s e r v e d  to  "bow" in  th e  d i r e c t io n  
of th e  A m p e r ia n  fo r c e  (see  f ig u re  1 .1 1 ) .  A "w ind"  of n e u t r a l  p a r t i c l e s  
f ro m  th i s  s id e  of the  d i s c h a r g e  r e s u l t s  f ro m  th e  t r a n s f e r  of t r a n s ­
v e r s e  m o m e n tu m  f r o m  io n s  and e le c t r o n s  to  th e  n e u t r a l  g a s  m o le c u le s .  
A p o te n t ia l  g r a d ie n t  e x i s t s  a c r o s s  the  d i s c h a r g e .  T h e  " le ad in g  e d g e "  
( i . e ,  , th e  edge th a t  would le ad  if  the  d i s c h a r g e  could  m ove) i s  n e g a t iv e  
w ith  r e s p e c t  to  the  " t r a i l in g  ed g e"  by up to  500 v o l t s .  T h e  d i s c h a r g e  
v o ltag e  i s  g r e a t e r  th an  in  th e  a b se n c e  of a m a g n e t ic  f ie ld .
T h is  b e h a v io u r  i s  ex p la ined  in  t e r m s  of the  m otion  of io n s  
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In  c r o s s e d  f ie ld s  io n s  and  e le c t r o n s  of z e r o  i n i t i a l  e n e r g y  follow  
c y c lo id a l  p a th s .  T h e  gu id ing  c e n t r e  of the  c h a r g e d  p a r t i c l e s  m o v e s
in  th e  E x B d i r e c t i o n  w ith  a  v e lo c i ty ,
v  = E x B /  B 2
w h e re  E = e l e c t r i c  f ie ld
B = m a g n e t ic  in d u c t io n .
T h e  h e ig h t  of th e  a r c h  of th e  c y c lo id ,  
2Em
( 1 . 20 )
( 1 . 21 )
w h e re  e , m  = c h a r g e ,  m a s s  of th e  c h a rg e d  p a r t i c l e .  Note th a t  
th e  i o n 's  c y c lo id  i s  m u c h  l a r g e r  th a n  th e  e l e c t r o n ' s  cy c lo id .
If CO = B e / m  = a n g u la r  f r e q u e n c y  of r o ta t io n  of c h a r g e d  
p a r t i c l e s  in  a m a g n e t ic  f ie ld  (the c y c lo t r o n  f r e q u e n c y )
T = m e a n  f r e e  t im e  b e tw e e n  the  c o l l i s io n s  of a c h a r g e d  
p a r t i c l e  w ith  th e  n e u t r a l  g a s  m o le c u le s .
T h en  COT g iv e s  a m e a s u r e  of th e  f r a c t io n  of a  c y c lo id a l  
(o r ,  f o r  z e r o  e l e c t r i c  f i e ld ,  the  c i r c u l a r  o rb i t )  c o v e re d  by a p a r t i c l e  
b e tw ee n  c o l l i s io n s .  (The m o tio n  of c h a r g e d  p a r t i c l e s  in  c r o s s e d  
e l e c t r i c  and m a g n e t ic  f i e l d s ,  and th e  s ig n if ic a n c e  of COT w ill  be 
d i s c u s s e d  m o re  fu lly  in  s e c t io n  5. 1).
At p r e s s u r e s  w h e re  COT i s  c o n s id e r a b ly  g r e a t e r  th a n  one 
f o r  e l e c t r o n s ,  b u t ,  b e c a u s e  of th e  g r e a t e r  m a s s  of an  io n ,  c o n s id e ra b  
ly l e s s  th a n  one fo r  th e  i o n s ,  th e  e l e c t r o n s  c a n  m ove a round  s e v e r a l  
a r c h e s  of the  c y c lo id  b e tw e e n  c o l l i s io n s ,  but the  io n s  m ove along
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only  a  f r a c t i o n  of an a r c h  b e tw e e n  c o l l i s io n s .  T h u s ,  a s  sh o w n  in  
f ig u r e  1 .1 2 ,  th e  e l e c t r o n s  ten d  to  m ove a c r o s s  the  e l e c t r i c  f i e ld ,  
w h ile  the  io n s  m ove  along the  e l e c t r i c  f ie ld .
T h e  e l e c t r i c  fie ld  com p o n en t t r a n s v e r s e  to  the  a x is  of th e  
d i s c h a r g e  i s  due to  e l e c t r o n s  d r i f t in g  to  th e  le ad in g  edge of the  
d i s c h a r g e  u n d e r  the  in f lu en ce  of the  c r o s s e d  e l e c t r i c  and m a g n e t ic  
f ie ld s ;  th e  io n s  a r e  l i t t l e  a f fe c ted  by  th e  m a g n e t ic  f ie ld ,  and m ove  
in  th e  d i r e c t io n  of th e  e l e c t r i c  f ie ld .  T he  s e p a r a t i o n  of th e  io n s  and 
the e l e c t r o n s  g iv e s  the  t r a n s v e r s e  f ie ld ,  w hich  p r e v e n ts  th e  e l e c t r o n s  
m oving  aw ay  f r o m  the  d i s c h a r g e  r e g io n .  T h e  i n c r e a s e  of th e  d i s ­
c h a rg e  v o l ta g e  i s  exp la in ed  in  t e r m s  of th e  re d u c e d  e l e c t r o n  m o b il i ty  
due to  th e  t r a n s v e r s e  m a g n e t ic  f ie ld  (To 12). T h is  i n c r e a s e  i s  not 
a s  g r e a t  as  w ould be  ex p ec ted  f r o m  m o b il i ty  c o n s id e r a t io n s  a lo n e .
T he  d i s to r t io n  of th e  e q u ip o te n t ia ls  due to  th e  s e p a r a t io n  of th e  io n s  
and th e  e l e c t r o n s  (see  f ig u re  1 .1 2 )  i s  su ch  th a t  the  e l e c t r o n s  m ay  
m ove f ro m  the  ca th o d e  to  th e  anode a long  th e  e q u ip o te n t ia l s  ( i . e .  , 
in  th e  E x B d i r e c t io n ) .  An im a g in a ry  m o b il i ty  w h ich  m ay  b e  g r e a t e r  
th an  the  r e a l  m o b il i ty  i s  u sed  to  d e s c r ib e  th e  m o tio n  of e l e c t r o n s  
p e r p e n d ic u la r  to  th e  e l e c t r i c  f ie ld ,  T h u s  th e  f ie ld  d i s to r t i o n  r e s u l t s  
in  a  d i s c h a r g e  v o ltag e  th a t  i s  l e s s  th a n  would be  ex p ec te d  f r o m  s im p le  
m o b ili ty  c o n s id e r a t io n s .
Low  f re q u e n c y  e l e c t r i c a l  o s c i l l a t io n s  of l a r g e  a m p l i tu d e  
w e re  o b s e r v e d  in  th e  p r e s e n c e  of the  m a g n e t ic  f ie ld .  O s c i l l a t io n s
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h a v e  a g r e a t  in f lu e n c e  on th e  b e h a v io u r  of a  d i s c h a r g e ,  and i t  w as  
s u g g e s te d  th a t  th e  p r e s e n c e  of th e s e  o s c i l l a t io n s  m ay  in v a l id a te ,  to  
a  g r e a t  e x te n t ,  th e  s im p le  m o d e l  of th e  b e h a v io u r  of the  d i s c h a r g e  
d e s c r i b e d  ab o v e .  No a t te m p t  h a s  b e e n  m ad e  to  c o r r e l a t e  the  o s c i l ­
la t io n s  w ith  one of th e  w e ll  know n ty p e s  of o s c i l l a t io n s  th a t  o c c u r  in  
p l a s m a s  (Ro 61).
T h e  ro ta t in g  d i s c h a r g e  w as s tu d ie d  as  a  p o s s ib le  m e a n s  of 
e f f ic ie n t ly  t r a n s f e r r i n g  l a r g e  a m o u n ts  of e l e c t r i c a l  e n e r g y  to  the  
d i r e c t e d  m o tio n  of a  s m a l l  m a s s  of g a s .  H ence  the  v e lo c i ty  of the  
wind p ro d u c e d  by th e  d i s c h a r g e  w as a  p a r a m e t e r  of g r e a t  i n t e r e s t  
in  r e l a t i o n  to  e x p e r im e n t s  w ith  b o th  th e  ro ta t in g  and the  s t a t i o n a r y  
glow d i s c h a r g e s .  No s y s t e m a t i c  m e a s u r e m e n t s  of d i s c h a r g e  v e lo c i ty  
a r e  r e p o r t e d ,
1 .9  A C R IT IC A L  SUMMARY OF TH E PREVIOUS WORK ON THE
MOTION OF A GAS DISCHARGE IN A TRA N SV ERSE MAGNETIC 
F IE L D
1, 9. 1 E x p e r im e n ta l  s tu d ie s  of th e  m oving  glow d i s c h a r g e
T he  e a r ly  w o rk  w as  m o s t ly  p e r f o r m e d  at h igh  p r e s s u r e s ,  and 
in  low m a g n e t ic  f i e l d s ,  w h e re  th e  r o ta t io n  i s  r e l a t iv e ly  s lo w . U n d e r  
th e s e  c o n d i t io n s ,  th e  c h a r a c t e r i s t i c s  of th e  d i s c h a r g e  a r e  not g re a t ly  
p e r tu r b e d  by th e  m a g n e t ic  f ie ld ,  e . g .  , a p p e a r a n c e ,  p a r t i c l e  d e n s i t i e s  
and t e m p e r a t u r e s ,  and th e  e l e c t r i c  f ie ld s  a r e  s u b s ta n t ia l ly  the  s a m e  
as  th e y  would b e  in  the  a b se n c e  of a  m a g n e t ic  f ie ld .  In t e r m s  of 
p a r t i c le  m o tio n ,  t h i s  m e a n s  th a t  c o n d i t io n s  a r e  su ch  th a t  th e  m a g n e t ic  
fie ld  does  not g r e a t ly  bend  th e  p a th s  of io n s  and e l e c t r o n s  b e tw ee n
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c o l l i s i o n s .  i . e .  , c o n d i t io n s  a r e  su ch  th a t  COT «  1 (see  s e c t io n  
5. 1). B e c a u s e  of th e  l im i ta t io n s  of th e  m e th o d s  of v e lo c i ty  m e a s u r e ­
m e n t  - v i s u a l  o b s e r v a t io n ,  o r  a  r o t a t i n g - d i s k  s t r o b o s c o p e  - th e  
v e lo c i ty  of only s low ly  r o ta t in g  d i s c h a r g e s  cou ld  be m e a s u r e d .
T h e  M ich ig an  g ro u p  h a s  e x ten d ed  th e  s tu d y  of th e  ro ta t in g  
glow d i s c h a r g e  to  h igh  f ie ld s  and low p r e s s u r e s  - i . e .  , co n d i t io n s  
s u c h  th a t  COT is  of the  o r d e r  of 1 f o r  e l e c t r o n s .  V e lo c ity  m e a s u r e ­
m e n ts  a r e  m a d e  w ith  th e  a id  of a  p r o b e ,  and a ca th o d e  ra y  o s c i l l o s c o p e .
T he  r a n g e  of the  im p o r ta n t  p a r a m e t e r s  e n c o u n te re d  in  th e  
e x p e r im e n t s  of WILSON and M A R T Y N , M ALLIK, GUYE and h is  
c o - w o r k e r s ,  and th e  MICHIGAN g ro u p  a r e  shown in  ta b le  1. 1.
WILSON and M ARTYN'S e x p e r im e n t s  a r e  p e r f o r m e d  in  a  g e o m e t ry  
th a t  i s  c lo se  to  id e a l  fo r  a  " r a d ia l  m a g n e t ic  f ie ld "  g e o m e t r y .  T he  
c a n d id a te  i s  of the  op in ion  th a t  th e  g e o m e t ry  of Guye e t a l ,  w ith  i t s  
u n ifo rm  a x ia l  m a g n e t ic  f i e ld ,  i s  p r e f e r a b l e  to  th is  g e o m e t r y ,  w h e re  
th e  ax ia l  e l e c t r i c  f ie ld  i s  u n i f o r m .  T h e r e  i s  no ad v an tag e  in  a u n i fo rm  
" z e r o  c u r r e n t "  e l e c t r i c  f ie ld ,  a s  the  e l e c t r i c  f ie ld  b e tw e e n  the  
e l e c t r o d e s  w il l  b e  g r e a t ly  d i s to r t e d  by th e  p r e s e n c e  of th e  d i s c h a r g e .  
T he  d i s c h a r g e  c u r r e n t  w as ob ta ined  f r o m  a d . c .  p o w er  su p p ly .  A 
r o ta t in g  d is k  s t r o b o s c o p e  e n ab led  th e  v e lo c i ty  of r e la t iv e ly  h igh  
v e lo c i ty  d i s c h a r g e s  t o b e  m e a s u r e d .  M ALLIK 'S g e o m e t ry  i s  f a r  
f r o m  s im p le .  T h e  m a g n e t ic  f ie ld  i s  not r a d i a l ,  and the  d i s c h a r g e  i s  
not c o n s t r a in e d  to  m ove  a ro u n d  in  an  a n n u la r  gap , a s  i s  the  c a s e
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in  the  above e x p e r im e n t .  M ost of th e  w o rk  w as  p e r f o r m e d  u s in g  
a s  a p o w e r  su p p ly  an in d u c tio n  c o i l ,  w h ich  g iv es  an  i n t e r m i t t e n t  
c u r r e n t .  W ilso n  and M a r ty n 's  u s e  of a  d i r e c t  c u r r e n t  p o w e r  s u p p ly ,  
and th e  s i m p l e r  g e o m e t r y  of t h e i r  e x p e r im e n t ,  m ak e  th e  i n t e r p r e t a t i o n  
of th e  r e s u l t s  of t h e i r  e x p e r im e n t  so m e w h a t  s im p le r  th a n  th e  i n t e r ­
p r e t a t i o n  of th o s e  of M allik .
GUYE et a l  have  p e r f o r m e d  a  v e r y  e x te n s iv e ,  s y s t e m a t i c ,  
s tudy  of the  m o t io n  of a d i s c h a r g e  in  "g o o d "  g e o m e t ry .  T he  c u rv e d  
e d g es  to  the  e l e c t r o d e s  could  be c o n s id e re d  a c o m p lic a t io n  to  the  
g e o m e t ry  (see  f ig u r e  1 .5 ) ,  H o w ev e r  t h i s  e le c t r o d e  g e o m e t r y ,  r a t h e r  
th an  a  p a i r  of c o n c e n t r ic  c y l in d e r s ,  w as  p o s s ib ly  c h o s e n  to  c o n s t r a i n  
the  d i s c h a r g e  to  m ove  in  a p lane  (see  s e c t io n  3.8) C a r e  w as  ta k e n  to  
u s e  p u re  g a s ,  and ru n  on c le a n  e l e c t r o d e s .
C o m p a r i s o n  of the  b e h a v io u r  of the  d i s c h a r g e  w ith  th e  c e n t r e  
e l e c t r o d e  p o s i t iv e ,  and n e g a t iv e ,  in d ic a te s  th a t  the  e l e c t r o d e  r e g io n s  
m ay  be  of im p o r ta n c e  in  d e te r m in in g  th e  v e lo c i ty  of r o ta t io n  of the  
d i s c h a r g e .  H o w ev e r  th e s e  o b s e r v a t io n s  of th e  quite  m a r k e d  c h an g e  
in  b e h a v io u r  on r e v e r s i n g  the  p o la r i ty  of th e  c e n t r e  e l e c t r o d e  w e r e  
not fo llow ed u p .
T he  MICHIGAN g ro u p .  No e x te n s iv e  m e a s u r e m e n t s  a r e  
r e p o r t e d .  M e a s u r e m e n ts  a r e  m ad e  at h igh c u r r e n t s  and f i e ld s ,  w h e re  
th e  m ag n e t ic  wind h a s  a h igh  v e lo c i ty .  T he  d i s c h a r g e  w il l  be  m oving  
th ro u g h  a m ov ing  gas  , r a t h e r  th an  the  s u b s ta n t ia l ly  s t a t io n a r y  g a s  of
th e  e x p e r im e n t s  d i s c u s s e d  above
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1. 9. 2 T h e  th e o r y  of th e  m o tio n  of the  glow d i s c h a r g e .
T h e  th e o ry  of WILSON and MARTYN (and M A L L IK ) i s  in  
e r r o r .  T h e  d r a g  on the  c h a r g e d  p a r t i c l e s  of one kind in  th e  E x B 
d i r e c t io n ,  and in  the  E d i r e c t io n  a r e  a s s u m e d  p ro p o r t io n a l  to  the  
m e a n  p a r t i c l e  v e lo c i ty  in  th e  d i r e c t io n  c o n c e r n e d ,  the  c o n s ta n t  of 
p r o p o r t io n a l i ty  b e in g  th e  s a m e  f o r  b o th  d i r e c t i o n s .  T h is  im p l ie s  
th a t  the  n a tu re  of th e  m o tio n  of th e  p a r t i c l e s  i s  th e  s am e  in  bo th  
d i r e c t i o n s ,  w hich  i s  not th e  c a s e .  U n d e r  low m ag n e t ic  f ie ld  c o n ­
d i t io n s ,  the  p a r t i c l e s  m o v e ,  on th e  a v e r a g e ,  one m e a n - f r e e - p a t h  
in  th e  d i r e c t io n  of th e  e l e c t r i c  f ie ld  b e tw e e n  c o l l i s io n s .  H o w ev e r ,  
a s  the  m a g n e t ic  f ie ld  b a r e ly  d e f le c ts  th e  p a r t i c l e s  b e tw ee n  c o l l i s io n s ,  
i t  m o v es  m u ch  l e s s  th an  one me a n - f r e e - p a t h  in  th e  E x B d i r e c t io n  
b e tw een  c o l l i s io n s .  T h u s  th e  d r a g ,  w h ich  i s  th e  r e s u l t  of c o l l i s io n s ,  
w ill  be d i f f e r e n t  fo r  the  two d i r e c t i o n s .
T h is  th e o ry  a s s u m e s  th a t  c o n d it io n s  a r e  u n ifo rm  b e tw e e n  
th e  e l e c t r o d e s .  In  p a r t i c u l a r ,  no a cco u n t i s  ta k e n  of the  v a r i a t io n  
of th e  e l e c t r i c  f ie ld  b e tw e e n  th e  e l e c t r o d e s ,  (see  eq u a tio n  1. 9).
T h e  th e o r y  of G U Y E. B e c a u s e  of a p p ro x im a t io n s  m a d e  
d u r in g  i t s  d e r iv a t io n ,  eq u a tio n  1. 19 i s  c o r r e c t  only f o r  G)T «  1 f o r  
io n s .  H o w ev e r  e x p e r im e n ta l  r e s u l t s  in  d i s a g r e e m e n t  w ith  th i s  th e o ry  
a r e  ob ta in ed  ev en  w h en  c o n d i t io n s  a r e  su ch  th a t  CJT «  1. A ga in  
th e  d i s c h a r g e  i s  a s s u m e d  to  be  u n i fo r m  b e tw ee n  th e  e l e c t r o d e s .
T h is  not a  g r e a t  e r r o r  in  th i s  c a s e ,  a s  the  e l e c t r i c  f ie ld  d o e s  not 
a p p e a r  e x p l ic i t ly  in  th e  equ a tio n  giving the  v e lo c i ty .
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N e ith e r  of th e s e  th e o r ie s  ta k e s  in to  a cc o u n t th e  v a s tly  
d if f e r e n t  n a tu re s  of th e  th r e e  re g io n s  of th e  d is c h a r g e ,  and n e i th e r  
e x p la in s  th e  v a r ia t io n  of d is c h a rg e  v e lo c ity  w ith  c u r r e n t .
1. 9. 3 T he m o tio n  of th e  a rc
T h e  e x te n s iv e  e x p e r im e n ta l  w o rk , e sp e c ia l ly  th a t of G u ile  
e t a l ,  r e v e a ls  th e  im p o r ta n c e  of th e  ca th o d e  re g io n  of th e  a rc  in  
d e te rm in in g  d is c h a rg e  v e lo c ity  and b e h a v io u r . T h e s e  o b s e rv a tio n s  
in d ic a te  th a t a s tudy  of th e  in flu en c e  of th e  ca th o d e  re g io n  on th e  
m o tio n  of a glow  d is c h a rg e  w ould be  of v a lu e .
T h e  n e g le c t by e a r l i e r  w o rk e rs  of th e  p o s s ib i l i ty  of th e  
e le c tro d e  r e g io n s ,  p a r t ic u la r ly  th e  ca th o d e  re g io n , in flu en c in g  th e  
v e lo c ity  of ro ta t io n  of th e  glow d is c h a r g e ,  i s  m o s t s u r p r is in g .  T h is  
i s  p a r t ic u la r ly  so  in  v iew  of th e  o b s e rv a tio n  of G uye of r e m a rk a b le  
c h an g e s  of d is c h a rg e  b e h a v io u r  on r e v e r s in g  th e  p o la r ity  of th e  
c e n tr e  e le c tro d e .
T h e  th e o ry  of th e  ro ta t io n  of th e  a rc  d ep en d s  on th e  m odel 
c h o se n  fo r  th e  ca th o d e  re g io n  of th e  a r c .  In d eed  a t e s t  of a  th e o ry  
of th e  ca th o d e  re g io n  of th e  a rc  i s  w h e th e r  i t  c an  e x p la in  a rc  m o tio n , 
e s p e c ia l ly  r e t r o g r a d e  m o tio n . In  a s im i la r  m a n n e r ,  w ill a  s tudy  
of th e  ro ta t in g  glow d is c h a rg e  g ive a  m ethod  of s tu d y in g  the  ca th o d e  
re g io n  of th e  glow d is c h a rg e ?  T h e  p h y s ic s  of th e  ca th o d e  re g io n  
is  not u n d e rs to o d  in  d e ta i l ,  a s  y e t .  (F r  56)
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1. 9 .4  T h e  r e la t io n s h ip  b e tw ee n  the  w o rk  d e s c r ib e d  in  th is  
t h e s i s ,  and th e  p re v io u s  w o rk
(a) T he  w o rk  d e s c r ib e d  in  th i s  t h e s i s  is  p r i m a r i l y  a  s u rv e y  of 
the  b e h a v io u r  of th e  r o ta t in g  glow d i s c h a r g e  u n d e r  a  w ide ra n g e  of 
c o n d i t io n s .  E m p h a s i s  w ill  be  p la ce d  on a s tudy  of the  r o ta t io n  u n d e r  
co n d it io n s  su ch  th a t  COT fo r  e l e c t r o n s  i s  of th e  o r d e r  of 1. T h e  
r o ta t io n  of th e  glow d i s c h a r g e  h a s  not b e e n  s y s te m a t i c a l l y  s tu d ie d  
u n d e r  th e s e  c o n d i t io n s .
T he  v e lo c i ty  is  m e a s u r e d  by a te ch n iq u e  invo lv ing  the  u s e  of 
a p h o to m u l t ip l ie r  and a ca th o d e  r a y  o s c i l lo s c o p e ,  en ab lin g  th e  a c c u r a te  
d e te r m in a t io n  of a n g u la r  v e lo c i t i e s  f a r  g r e a t e r  th a n  cou ld  b e  m e a s u r e d  
by the  e a r ly  w o r k e r s  (W ilson  and M a r ty n ,  M all ik ,  Guye et a l) .  It i s  
only th is  m e th o d  of v e lo c i ty  m e a s u r e m e n t  th a t  e n a b le s  the  v e lo c i ty  to  
be  m e a s u r e d  u n d e r  co n d it io n s  su ch  th a t  COT i s  of th e  o r d e r  of 1 fo r  
e l e c t r o n s .
T he  m a jo r i ty  of th e  m e a s u r e m e n t s  w ill  be  m ad e  at low 
c u r r e n t ,  w h e re  th e  wind v e lo c i ty  i s  n e g l ig ib le  c o m p a r e d  w ith  the  
d i s c h a r g e  v e lo c i ty .
(b) T he  in f lu en ce  of th e  c a th o d e  re g io n  on d i s c h a r g e  m o tio n  w ill  
be  s tu d ie d ,  bo th  e x p e r im e n ta l ly  and t h e o r e t i c a l l y .
(c) T h e  m o tio n  w ill  be  s tu d ie d  in  a g e o m e t ry  s i m i l a r  to  th a t
of Guye and h is  c o - w o r k e r s ,  w h e re  th e  c u r r e n t  flow s r a d ia l ly  b e tw ee n  
c o n c e n t r ic  e l e c t r o d e s ,  and i s  d r iv e n  a ro u n d  th e  gap b e tw e e n  th e s e
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e l e c t r o d e s  by  an a x ia l  m a g n e t ic  f ie ld  - s e e  f ig u r e  1. 1(b). T h is  
g e o m e t r y  w as  c h o se n  b e c a u s e  i t  g iv e s  i t s e l f  to  a  m o re  co n v en ien t  
e x p e r im e n ta l  a r r a n g e m e n t  th a n  the  o th e r  g e o m e t r i e s  d i s c u s s e d ,  
b e c a u s e  of th e  s im p l ic i ty  of th i s  g e o m e t ry  c o m p a r e d  w ith  o th e r  
g e o m e t r i e s  (th is  i s  d i s c u s s e d  in  s e c t io n  1. 9. 1), and b e c a u s e  th i s  
g e o m e t ry  i s  p a r t i c u l a r ly  s u i ta b le  f o r  a  s tudy  of th e  in f lu en c e  of 
th e  e l e c t r o d e  r e g io n s  on th e  m o tio n  of th e  d i s c h a r g e  (see  C h a p te r s
2 and 3).
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C h a p te r  2
IN ITIA L STUDIES OF T H E  MOTION O F TH E GLOW DISCHARGE 
IN A TRA N SV ERSE MAGNETIC F IE L D :
E X P E R IM E N T S  WITH TH E ‘'R A C E T R A C K " CH AM BER
W hen a study  of th e  glow d i s c h a r g e  in  a t r a n s v e r s e  m a g n e t ic  
f ie ld  w as  f i r s t  p ro p o se d  i t  w as dec id ed  to  bu ild  a  d i s c h a r g e  c h a m b e r  
of s im p le  d e s ig n  th a t  cou ld  r e a d i ly  be  c o n s t r u c te d  in  a  m a ch in e  shop . 
T h e  c h a m b e r  w as  in i t ia l ly  in ten d ed  only fo r  a t r i a l  s e r i e s  of e x p e r i ­
m e n t s ,  u s in g  the  m a g n e t ic  f ie ld  of the  A .N .U .  C y c lo t ro n ,  w h ich  w as  
a v a i la b le  only fo r  a  few d a y s .  H o w ev e r  f e a t u r e s  of the  b e h a v io u r  of 
th e  d i s c h a r g e  w e re  of such  i n t e r e s t  th a t  i t  w as d e c id e d  to  con tin u e  
th e  e x p e r im e n t s  w ith  th is  c h a m b e r  in  a m a g n e t  e s p e c ia l ly  c o n s t r u c te d  
fo r  th a t  p u r p o s e .  T h is  c h a p te r  d e s c r ib e s  th e  a p p a r a tu s  u se d  f o r  th e s e  
l a t t e r  e x p e r im e n t s ,  and the  r e s u l t s  of th e s e  e x p e r im e n t s .
Much of th e  a p p a r a tu s  w as  a lso  u se d  fo r  l a t e r  e x p e r im e n t s .  
F o r  th i s  r e a s o n ,  i t  w ill  be d e s c r ib e d  h e r e  in  s o m e  d e ta i l .
T h e  e x p e r im e n ta l  r e s u l t s  w ill  be  d i s c u s s e d  only b r i e f ly .
T h e  r e s u l t s  do no t c o n t r ib u te  s ig n if ic a n t ly  to  the  a r g u m e n t  of th is  
t h e s i s ,  b u t do g ive  in fo r m a t io n  a s  to  w h e re  im p r o v e m e n ts  c a n  be  
m a d e  in  th e  d e s ig n  of a p p a r a tu s  to  be  c o n s t r u c te d  f o r  l a t e r  e x p e r i ­
m e n ts .
2. 1 E X P E R IM E N T A L  A PPA R A T U S
2. 1. 1 T h e  D is c h a r g e  C h a m b e r
A p h o to g ra p h  of th i s  c h a m b e r  i s  show n in  f ig u re  2 .1 .
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FIG  2. 1 A PH O TO G R A PH  O F  T H E  "R A C E T R A C K " C H A M B ER
T h is  p h o to g ra p h  w as  ta k e n  a f t e r  th e  d i s c h a r g e  c h a m b e r  
had b e e n  u se d  fo r  a long  s e r i e s  of e x p e r im e n t s .  T h e  e l e c t r o d e s  
a r e  p a r t i c u l a r ly  h eav i ly  co a te d  w ith  a  d a r k  g re y  d e p o s i t  - a 
m ix tu r e  of " c r a c k e d "  o i l ,  and c o p p e r  o x id e .  N ote  th e  b r ig h t  
m a r k s  on the  o u te r  e l e c t r o d e .  One i s  on the  h a r d - s o l d e r e d  jo in  
of th i s  e le c t ro d e ;  th e  o th e r  d o es  not c o r r e s p o n d  to  an  obvious 
i r r e g u l a r i t y ,  o r  ch an g e  of the  s u r f a c e  p r o p e r t i e s  of the  e l e c t r o d e .
T h e  top  c o v e r  h a s  b e e n  r e m o v e d ,  bu t th e  r u b b e r  s e a l in g  
g a sk e t  i s  s t i l l  in  p o s i t io n .
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F ig u r e  2. 2 sh o w s  d e t a i l s  of the  c o n s t r u c t io n  and th e  im p o r ta n t  
d im e n s io n s  of t h i s  c h a m b e r .  T h e  " r a c e t r a c k "  e le c t r o d e  g e o m e t ry  - 
f la t  c o n c e n t r ic  e l e c t r o d e s ,  the  gap a ro u n d  w hich the  d i s c h a r g e  m o v es  
c o n s is t in g  of tw o  s t r a i g h t  s e c t io n s  jo ined  by two s e m i - c i r c u l a r  
s e c t io n s  - w as  c h o s e n  f o r  two r e a s o n s :
(1) T o  s tu d y  th e  m o t io n  of th e  d i s c h a r g e  a long  s t r a ig h t  p a r a l l e l  
e l e c t r o d e s .
(2) T o  a t te m p t  to  f ind  th e  r e g io n  of the  d i s c h a r g e  th a t  d e te r m in e s  
th e  v e lo c i ty  in  a T .  M . F .  A p h o to m u l t ip l ie r  looks  down on two p o in ts ,  
10 c m .  a p a r t ,  a t  the  e n d s  of one of th e  s t r a ig h t  s e c t io n s .  T h e  t im e  
the  d i s c h a r g e  t a k e s  to  m ove  a long  10 c m . of the  s t r a i g h t ,  T and 
the  t im e  i t  t a k e s  to  c o m p le te  a c i r c u i t  of th e  r a c e t r a c k ,  T , c a n  be  
m e a s u r e d  by o b s e r v in g  th e  s ig n a l s  f ro m  th e  p h o to m u l t ip l ie r  on a 
c a th o d e  ra y  o s c i l lo s c o p e .
T h e  c a th o d e  r e g io n  of th e  d i s c h a r g e  i s  s a id  to  c o n tro l  the  
m o tio n  of th e  d i s c h a r g e  i f  th i s  r e g io n  m o v e s  w ith  a  c o n s ta n t  v e lo c i ty ,  
v ,  a long  bo th  the  s t r a i g h t  and c u rv e d  s e c t io n s  of i t s  p a th ,  the  r e ­
m a in d e r  of the  d i s c h a r g e  b e in g  d ra g g e d  along a t ,  o r  h e ld  b ack  to  th is  
v e lo c i ty  by th e  c a th o d e  r e g io n .  If th i s  i s  th e  c a s e
v = 1 0 / T r l  = £ / T ^ (2 .1 )
i .  e . T r l / T r  = 10 l £ (2 .2 )
w h e re  & -  to ta l  le n g th  of th e  c a th o d e  (o u te r  e le c t ro d e ) .
S im i la r ly  if  th e  anode re g io n  o r  the  p o s i t iv e  co lu m n  c o n tro l
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FIG  2. T H E  "R A C E T R A C K  C H A M B ER  - IM PO R T A N T  
DIMENSIONS, AND D ET A ILS O F CONSTRUCTION
A - I n n e r  e le c t r o d e  - g e n e r a l ly  th e  an o d e .
B - D is c h a rg e  gap.
C - O u te r  e le c t r o d e  - g e n e r a l ly  th e  c a th o d e .
D , D '  - P o s i t io n  of v iew ing  h o le s  of th e  l ig h t
d e te c t io n  e q u ip m e n t .  D - l a r g e  h o le .
D ' - s m a l l  h o le .
E - " P e r s p e x "  c o v e r s .
F  - P u m p in g  l in e s .











































th e  m o tio n  of th e  d i s c h a r g e  , eq u a tio n  2. 1 h o ld s ,  w h e re  Z i s  now th e  
p e r i m e t e r  of th e  an o d e ,  o r  the  len g th  of th e  r a c e t r a c k  m e a s u r e d  
b e tw e e n  th e  e l e c t r o d e s .  M e a s u re m e n t  of th e  r a t i o  T r ^ /T ^  w ill  enab le  
th e  d e te r m in a t io n  of the  r e g io n  c o n tro l l in g  th e  v e lo c i ty  of the  d i s ­
c h a r g e .  T h e  r e s u l t s  of th e s e  m e a s u r e m e n t s  w ill  be  d i s c u s s e d  l a t e r  
in  t h i s  c h a p te r .
1 1 «»
T h e  o u te r  w a ll  of the  d i s c h a r g e  c h a m b e r ,  __  in  h e ig h t ,
16
w as c o n s t r u c te d  f r o m  b r a s s ,  w ith s i l v e r  s o ld e r e d  jo in s .  S q u a re -  
s e c t io n  r u b b e r  g a s k e ts  in  g ro o v e s  a t  th e  to p  and b o t to m  of th i s  w a ll  
s e a l  " P e r s p e x ” c o v e r  p la te s  to  th e  w a ll .
T h e  o u te r  e l e c t r o d e  w as  m ad e  f r o m  a d i a m e te r  c o p p e r  
r o d ,  b e n t  in to  the  r a c e t r a c k  s h a p e .  T h e  ends  of th e  ro d  w e re  s i l v e r  
s o ld e r e d  t o g e th e r .  M ounting  lugs  a r e  u s e d  to  s c r e w  th i s  e le c t ro d e  
to  " P e r s p e x "  b lo c k s ,  w hich  a r e  a t ta c h e d  to  th e  b o t to m  c o v e r  of the  
c h a m b e r .  T h e  in n e r  e l e c t r o d e ,  m a ch in ed  f r o m  4" c o p p e r  s h e e t ,  
had  I "  r a d i i  m a c h in e d  on th e  e d g e s .  T h is  i s  a l s o  m oun ted  on " P e r s p e x "  
b lo c k s  , s c r e w e d  to  th e  b o tto m  c o v e r  of the  c h a m b e r .  T h e  gap  b e tw een  
th e  e l e c t r o d e s  is  s e t  to  a  c o n s ta n t  v a lu e  by m e a n s  of re m o v a b le  
c y l in d r i c a l  s p a c e r s  of " B a k e l i t e " .  T h e  g ap , n o m in a l ly  10 m m . i s  
not p a r t i c u l a r ly  c o n s ta n t .  B e c a u s e  of the  t o l e r a n c e s  a llow ed  in  the 
c o n s t r u c t io n  of the  c h a m b e r ,  ro u g h  h and ling  d u r in g  the  c o u r s e  of th e  
e x p e r im e n t s ,  and d i f f ic u l t ie s  in  a d ju s t in g  th e  e l e c t r o d e s  to  ob ta in  a 
c o n s ta n t  gap , the  gap c a n  only b e  s e t  c o n s ta n t  to  w ith in  i. § m m .
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2 . 1 . 2  T h e  P o w e r  Supply
T h e  p o w e r  supp ly  of an  R. C .A .  M I-8167 h igh  f re q u e n cy  
r a d io  t r a n s m i t t e r  w as  u s e d  to  supp ly  th e  d i s c h a r g e  c u r r e n t .  T h is  
su p p ly  c o n s i s t s  of 4 x 866-A  m e r c u r y  a r c  r e c t i f i e r s ,  co n n ec te d  a s  
a  fu ll  w ave  r e c t i f i e r .  T h e  output i s  f i l t e r e d  by a  c h o k e - in p u t  LC 
f i l t e r ;  th e  f i l t e r  c a p a c i ta n c e  i s  20 m i c r o f a r a d ,  and th e  in d u c ta n ce  
a p p ro x im a te ly  8 h e n r y s .  A d d itiona l f i l t e r in g  is  su p p l ie d  by a  s i m i l a r  
f i l t e r  e x te r n a l  to  the  t r a n s m i t t e r  c a b in e t .  T h e  output v o ltag e  m ay  be 
v a r i e d  by m e a n s  of a  nV a r ia c "  in  th e  p r i m a r y  of the  p o w er  t r a n s ­
f o r m e r .
U n d e r  low load  c o n d i t io n s ,  th e  output v o l ta g e  can  be  r a i s e d  
to  3. 1 K v o l t .  T h e  m a x im u m  output c u r r e n t ,  w hich  i s  d e te r m in e d  by 
th e  r a t e d  m a x im u m  p la te  c u r r e n t  of th e  r e c t i f i e r s ,  i s  1 am p  at peak  
v o l ta g e .  T h is  m ay  be  i n c r e a s e d  at low output v o l t a g e s .  T he  R . C .A .  
T u b e  H andbook (Ra 5 7) g iv e s  d a ta  show ing th a t  the  m a x im u m  output 
c u r r e n t  of th e  supp ly  c an  be  r a i s e d  to  2 am p  at 800 v o l t s .  T he  r ip p le  
on the  ou tpu t v o l ta g e  i s  l e s s  th a n  0. 06% (p e a k - to -p e a k )  f o r  v o l ta g e s  
up  to  2. 5 K v o l t ,  and c u r r e n t  up to  0. 5 a m p .
A load  r e s i s t a n c e  c o n tin u o u s ly  v a r i a b le  f r o m  0 to  110 K ohm  
is  u s e d  to  s t a b i l i z e  the  d i s c h a r g e  c u r r e n t  and , w hen n e c e s s a r y ,  to  
a c t  a s  a f ine  c u r r e n t  c o n t r o l .
2 . 1 . 3  T h e  m a g n e t
A lo w - c o s t  m a g n e t ,  w ith no s t r in g e n t  r e q u i r e m e n t s  fo r  f ie ld
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u n i fo r m i ty  and c o n s ta n c y  i s  a l l  th a t  i s  r e q u i r e d  f o r  th is  r e s e a r c h  
p r o j e c t .  C o n se q u e n t ly  th e  m a g n e t  w as d e s ig n e d  to  m a k e  m ax im u m  
u s e  of s u r p lu s  m a te r i a l  a v a i la b le  in  th i s  l a b o r a t o r y ,  and to  be of 
s im p le  c o n s t r u c t io n .  T he  gap m u s t  be  s e v e r a l  in c h e s  h igh to  a c c o m ­
m o d a te  the  d i s c h a r g e  c h a m b e r  and l ig h t  p ip e s  run n in g  f r o m  th e  top  
of the  c h a m b e r  to  p h o to m u l t ip l ie r s  e x te r n a l  to  the  m a g n e t .  A m a x i ­
m u m  m a g n e t ic  f ie ld  of 6 k i lo g a u s s  w as  su g g e s te d  as  a  b a s i s  f o r  the  
d e s ig n  of the  m a g n e t .  T h i s  i s  th e  m a x im u m  m a g n e t ic  f ie ld  u se d  by 
th e  M ich ig an  g ro u p  (E a 58, Me 51) f o r  t h e i r  e x p e r im e n t s .
A c e e - s h a p e d  yoke  w as  d ec id ed  upon b e c a u s e  th i s  shape  can  
be  r e a d i ly  c o n s t r u c te d  f r o m  s t e e l  a v a i la b le  in  the  l a b o r a to r y ,  and 
a l lo w s  a c c e s s  to  the  gap o v e r  a lm o s t  360° . Tw o c e e s ,  e ac h  5" th ick  
w e r e  f l a m e - c u t  f r o m  s la b s  of low c a rb o n  s t e e l ,  and w elded  to g e th e r .  
T h e  c r o s s - s e c t i o n  of th e  yoke i s  a p p ro x im a te ly  10” x 10". T h e  c o m ­
p le te d  c e e  w as  not m a ch in ed  in  any w ay , a p a r t  f ro m  re m o v a l  of rough  
e d g e s  by a  p o r ta b le  g r i n d e r .  Tw o p o le - p i e c e s ,  e ach  c o n s is t in g  of 
two s e c t i o n s ,  10" in  d i a m e te r  and 7" h ig h ,  a r e  h e ld  to  th e  c e e  by f "  
s e t  s c r e w s .  S h im s  b e tw e e n  the  po le  p ie c e s  and the  y o k e ,  and sloppy  
h o le s  f o r  the  ho ld ing  s c r e w s  en ab le  the  gap to  be  a d ju s te d  f o r  p a r a l ­
l e l i s m  to  w ith in  0. 0 0 2" , and th e  po le  p ie c e s  to  b e  s e t  c o ax ia l  to  w ith in
—  " .  T he  gap of the  a s s e m b le d  m a g n e t  (b e fo re  sh im m in g )  i s  4 .4 7 3 " .
3 2
F i g u r e  2. 3 sh o w s  d e ta i l s  of the  c o n s t r u c t io n  of the  m a g n e t .
P o w e r  fo r  th e  m a g n e t  i s  su p p lied  by an  O l iv e r  E l e c t r i c  Co.
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F IG  2 .3  A PH O TO G R A PH  O F  T H E  E L E C T R O M A G N E T
T h is  p h o to g ra p h ,  ta k e n  d u r in g  th e  a s s e m b ly  of th is  
m a g n e t ,  sh o w s  d e ta i l s  of the  c o n s t r u c t io n  of th e  m a g n e t .  Both  
s e t s  of po le  p i e c e s , and th e  u p p e r  co il  ( lo ca ted  a ro u n d  th e  u p p e r  
p o l e - p i e c e s ) ,  a r e  in  p o s i t io n .  I ro n  lugs  w e ld ed  to  th e  yoke 
(bo ttom  of th e  p h o to g rap h )  hold th e  c o i ls  in  p o s i t io n .
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m o to r  g e n e r a t o r  s e t  d e s ig n ed  fo r  e le c t r o p la t in g ,  w hich  s u p p l ie s  450 
a m p  a t  6 -8  v o l t s .  T h is  g e n e r a to r  i s  s e l f - e x c i t e d  a s  su p p l ie d .  Tw o 
c o i l s  w e r e  wound fo r  the  m a g n e t  f ro m  an a lu m in iu m  c o n d u c to r ,
0. 75" x 1. 2 5" , w ith  a  0 .4 "  d i a m e t e r  ho le  fo r  c o o lan t  ru n n in g  down 
th e  c e n t r e .  T h e  c o i ls  m u s t  h av e  a  low r e s i s t a n c e  (a p p ro x im a te ly  
0. 008 ohm  each )  to  m a tc h  th e  output c h a r a c t e r i s t i c s  of th e  g e n e r a to r .  
T he  c o i ls  w e re  wound on a  b r a s s  f o r m e r  l in ed  w ith  " A r m i te "  i n ­
su la t in g  p a p e r .  E a c h  c o il  c o n s i s t s  of 6 l a y e r s ,  of ju s t  o v e r  9 t u r n s  
of c o n d u c to r  p e r  l a y e r .  B e c a u s e  of the  s m a l l  n u m b e r  of t u r n s  
r e q u i r e d  th e  co i ls  w e re  hand  w ound. T h e  f o r m e r  w as  m o un ted  on 
a w in d la s s  tu rn e d  by tw o m e n .  W inding  te n s io n  w as  su p p lied  by 
s c r e w in g  two c y l in d e r s  of p a p e r - f i l l e d  " B a k e l i te "  h a r d  a g a in s t  the  
c o n d u c to r .  T h e  gaps  at the  end of each  l a y e r  w e re  p ack ed  with 
" M a s o n i te " .  S t r ip s  of " A r m i te "  p ro v id e d  in s u la t io n  b e tw e e n  t u r n s ,  
and a double  l a y e r  of " A r m i t e "  p ro v id e d  in s u la t io n  b e tw e e n  l a y e r s .  
T h e  c o i ls  w e re  m oun ted  a ro u n d  th e  pole  p ie c e s .
T h e  g e n e r a t o r  w as  s e p a r a t e ly  e x c i te d  by l e a d - a c id  a c c u m -  
m u l a t o r s , e x c i ta t io n  c u r r e n t  b e in g  c o n t ro l le d  by s e r i e s  r e s i s t o r s .  
F i e ld  d i r e c t io n  i s  r e v e r s e d  by r e v e r s i n g  th e  e x c i ta t io n  c u r r e n t .  A 
t r i c k l e  of coo ling  w a te r  f low s th ro u g h  th e  coo ling  c h an n e l .  T h is  i s  
not e s s e n t i a l  fo r  th e  r e l i a b le  ru n n in g  of th e  m a g n e t  - th e  c o n d u c to r s  
only b e c o m e  w a rm  to  th e  to u c h  i f  th e  coo ling  w a te r  i s  le f t  off. 
H o w ev e r  th e  c u r r e n t  s t a b i l i z e s  w ith in  a few m in u te s  i f  the  c o i ls  a r e  
co o led .
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T h e  u n i fo r m i ty  of th e  m a g n e t ic  f ie ld  w as im p r o v e d  by the  
a d d i t io n  of s h im s  to  the  po le  p i e c e s .  F i g u r e  2 .4  show s the  sh im  
g e o m e t ry  th a t  gave  the  m o s t  u n i fo rm  f ie ld ,  and the  r a d i a l  v a r i a t io n  
of th e  m a g n e t ic  f ie ld  (the f ie ld  " p ro f i l e " )  w ith  th e s e  s h im s  in  p o s i t io n .  
C u rv e s  (i) and (ii) show  th e  m e a s u r e d  r a d i a l  v a r ia t io n  of the  a x ia l  
m a g n e t ic  f ie ld  in  the  m e d ia n  p lan e  b e f o r e  and a f te r  the  in s ta l la t io n  
of th e  s h i m s .  C u rv e  (iii) sh o w s  th e  m e a s u r e d  r a d ia l  v a r ia t io n  of 
th e  a x ia l  m a g n e t ic  f ie ld ,  and  c u rv e  (iv) the  c a lc u la te d  r a d i a l  v a r ia t io n  
of the  r a d i a l  m a g n e t ic  f ie ld ,  j "  above the  m e d ia n  p la n e ,  w ith  th e  sh im s  
in  p o s i t io n .  T he  f ie ld  is  u n i fo r m  to  b e t t e r  th a n  1% o v e r  a c y l in d r ic a l  
v o lu m e  1" deep  and 7" in  d i a m e te r  a t  the  c e n t r e  of the  gap . T h e  
u n i fo rm i ty  of the  m a g n e t ic  f ie ld  i s  such  th a t  the  d r i f t  of p a r t i c l e s  due 
to  n o n -u n i f o rm i ty  of the  f ie ld  i s  n eg l ig ib le  c o m p a r e d  w ith  th a t  l ike ly  
to  r e s u l t  f r o m  th e  ac t io n  of c r o s s e d  e l e c t r i c  and m a g n e t ic  f i e ld s .
T h e  f ie ld  m e a s u r e m e n t s  w e re  m ad e  by  a m ethod  due to  
LANE (L a  28) m o d if ied  by MORTON (Mo 58) f o r  f ie ld  d i f f e r e n c e  
m e a s u r e m e n t s .  I d e n t ic a l  c o i l s ,  one a r e f e r e n c e  c o i l  w hich i s  lo c a ted  
on th e  a x is  of the  po le  p i e c e s ,  the  o th e r  a  c o i l  th a t  m ay  be  m oved  
r a d i a l l y ,  a r e  co n n ec te d  in  o p p o s i t io n .  T he  c h a r g e  in d u ced  by tu rn in g  
th e s e  c o i l s  th ro u g h  180° i s  p r o p o r t io n a l  to  th e  d i f f e r e n c e  b e tw ee n  the 
m a g n e t ic  f ie ld s  th ro u g h  the  c o i l s .  T h is  c h a r g e  i s  m e a s u r e d  by buck ing  
it a g a in s t  th e  c h a r g e  in d u ced  in  th e  s e c o n d a ry  of a  m u tu a l  in d u c ta n ce  
by r e v e r s i n g  th e  p r im a r y  c u r r e n t .
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FIG  2 .4  SHIM G EO M ET R Y  AND TH E E F F E C T  O F  SHIMS
ON T H E  UN IFO RM ITY  O F T H E  M AGNETIC F IE L D
(a) Sh im  g e o m e t ry .
(b) R a d ia l  v a r ia t io n  of the  a x ia l  m a g n e t ic  f ie ld .  
M agne tic  f ie ld  - 2 ,1 6 0  g a u s s .
(i) F ie ld  p ro f i le  in  the  m e d ia n  p lan e  - no s h im s .
(ii) F ie ld  p ro f i le  in  th e  m e d ia n  p lan e  - s h im s  a s  
in  f ig u re  2. 4(a).
(iii) F ie ld  p ro f i le  §" above  the  m e d ia n  p lan e  - 
s h im s  a s  in  f ig u re  2. 4(a).
(c) R a d ia l  v a r ia t io n  of the  r a d i a l  m a g n e t ic  f ie ld ,  
above  th e  m e d ia n  p lane . M agnetic  f ie ld  - 2, 160 
g a u s s .  S h im s  a s  in  f ig u re  2 .4 (a ) .
POLE PIECE .
/O Q 4  O'
1-995
■3*945'
2-235*4  4 4 5
4 -9 4 5
CE N TR E  OF GAP
5 «  2,160 GAUSS
(GAUSS)
FIG 2-4 THE EFFECT OF THE SHIMS
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It w as  th o u g h t th a t  m a g n e t ic  f ie ld  " l i n e s " ,  " s h o r t  c i r c u i t in g "
th r o u g h  th e  b a ck  of th e  y o k e ,  m igh t give a  m a g n e t ic  f ie ld  th a t  w as
n o t c y l in d r i c a l ly  s y m m e t r i c .  H o w ev e r  a  s e r i e s  of f ie ld  m e a s u r e - 
o
m e n ts  m a d e  90 a p a r t ,  gave id e n t ic a l  f ie ld  p r o f i l e s .  P r o f i l e s  m a d e  
in  f ie ld s  of 590, 2 ,1 6 0  and 4 ,7 0 0  g a u ss  have  s u b s ta n t ia l ly  the  s a m e  
s h a p e ,  in d ic a t in g  th a t  th e  s h im m in g  i s  s a t i s f a c to r y  o v e r  the  r a n g e  
of m a g n e t ic  f ie ld s  u s e d  fo r  t h e s e  e x p e r im e n t s .
F ig u r e  2 .5  show s the  m a g n e t ic  f ie ld  at the  c e n t r e  of the  gap 
a s  a fu n c tio n  of th e  "C o il  c u r r e n t "  m e t e r  re a d in g .  T h i s  m e t e r  
r e a d in g  i s  the  p a r a m e t e r  r e c o r d e d  d u r in g  e x p e r im e n t s .  It i s  n e c e s ­
s a r y  to  d ra w  m o r e  th a n  the  r a t e d  c u r r e n t  f r o m  th e  g e n e r a t o r  to  
o b ta in  th e  d e s ig n  f ie ld  of 6 ,0 0 0  g a u s s .  H o w ev e r ,  the  g e n e r a t o r  
does  not a p p e a r  to  have  b e e n  h a r m e d  by o v e r lo a d in g  f o r  s h o r t  p e r io d s .  
M e a s u r e m e n ts  in d ic a te  th a t  the  h y s t e r e s i s  is  n e g l ig ib le .  (The r e m a ­
nen t f ie ld  i s  l e s s  th a n  20 g a u s s ) .
T h e  p e r f o r m a n c e  of the  m a g n e t  h a s  b e e n  m o s t  r e l i a b l e  to  
d a te .  It r u n s  s t a b ly ,  a f te r  w a rm in g  u p , at a l l  but the  lo w e s t  f ie ld s  
(u n d e r  1 ,0 0 0  g a u s s )  w h e re  th e  c o il  c u r r e n t  te n d s  to  w a n d e r .
2 . 1 . 4  T h e  v a cu u m  s y s te m
T h e  d i s c h a r g e  c h a m b e r ,  w as in i t ia l ly  p u m p ed  only w ith  a  
m e c h a n ic a l  b a c k in g  p u m p , bu t  e x p e r im e n ta l  s tu d ie s  of the  r e p r o d u c e - 
a b i l i ty  of the  r e s u l t s  in d ic a te d  th a t  a  " c l e a n e r "  vacuum  s y s te m  w ould 
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and d if fu s io n  pum p co ld  t r a p s  w e r e  p r o g r e s s i v e ly  in s t a l l e d  in  an 
a t te m p t  to ;
(a) R educe  th e  b a s e  p r e s s u r e  a n d , i t  w as h o p ed , th e  v i r t u a l  
l e a k  r a t e  in to  the  v a cu u m  s y s t e m .
(b) P r e v e n t  the  m ig r a t io n  of o il  to  the  d i s c h a r g e  c h a m b e r .
F ig u r e  2. 6 show s s c h e m a t ic a l ly  th e  v acu u m  s y s te m  a s  i t
w as  d u r in g  the  e x p e r im e n ta l  s tudy  of the  sh ap e  of the  m oving d i s ­
c h a r g e  d e s c r ib e d  in  s e c t io n  2 .4 .  T h e  m a in  p u m ping  l in e  f r o m  the  
d if fu s io n  pum p  to  the  d i s c h a r g e  c h a m b e r ,  w h ich  i s  m ad e  of 2” and 4" 
b r a s s  and c o p p e r  tu b in g ,  h a s  a  h igh c o n d u c ta n c e .  H o w e v e r ,  the  
i "  o. d. l ine  f r o m  the  m a in  line  to  the  c h a m b e r  i t s e l f ,  and the  J "  
ho le  in  the  c h a m b e r  w all (shown in  f ig u re  2 .1 )  d r a s t i c a l l y  r e d u c e  the  
pu m p in g  sp ee d  of the  s y s t e m .  T h i s  v acu u m  s y s te m  w as d e s ig n e d  
f o r  u s e  w ith  o th e r  c h a m b e r s  - in  p a r t i c u l a r  the  c h a m b e r  d e s c r ib e d  
in  s e c t io n  3. 1. F o r  th is  r e a s o n ,  th e  m a in  line  w as m ad e  f r o m  
l a r g e  d i a m e te r  tu b in g ,  in  sp i te  of the  n a r r o w  lin e  in to  the  c h a m b e r  
i t s e l f .  D e m o u n tab le  v a cu u m  s e a l s  u s in g  " N e o p re n e "  O - r i n g s  w e re  
u s e d  e x te n s iv e ly  to  en ab le  r a p id  r e m o v a l  of the  d i s c h a r g e  c h a m b e r  
f r o m  the  gap of the  m a g n e t .
T h e  P i r a n i  gauge m e a s u r e s  the  p r e s s u r e  to  w h ich  the  s y s t e m  
w as  pum ped  p r i o r  to  an e x p e r im e n t .  D u rin g  e x p e r im e n t s ,  th e  g a s  
p r e s s u r e  i s  m e a s u r e d  by the  oil m a n o m e te r ,  w hich  i s  f i l led  w ith  
A p iezo n  "B "  o i l .  T h e  v a p o u r  p r e s s u r e  of th i s  o il i s  a p p ro x im a te ly
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FIG  2. 6 VACUUM SYSTEM  AS SE T U P F O R  P R O F IL IN G  E X - 
P E R IM E N T S  WITH T H E  "R A C E T R A C K " CH AM BER 
(SCHEM ATIC)
A " R a c e t r a c k ” c h a m b e r .
B1 M ain b a c k in g  pum p.
B2 B ack in g  p u m p  fo r  e v ac u a t in g  " r e f e r e n c e "  a r m  
of the  o il  m a n o m e te r .
CT Cold t r a p .
D G as d ry in g  tu b e  - p ack ed  w ith  L in d e  
" M o le c u la r  S ie v e " .
G G as c y l in d e r .
M M ain p u m ping  l in e .
M ’ G as  m ix ing  c h a m b e r  - m a in  pum ping  l in e .
NV1
NV2
N eed le  v a lv e s  - g a s  i s  le a k e d  in to  th e  s y s t e m  
th ro u g h  th e s e  v a lv e s .
O M O il m a n o m e te r .
P D iffu s io n  pum p.
P G P i r a n i  g auge .
T 1 - T 5  - V acuum  t a p s .  (T3 - b a ff le  v a lv e  above  d if fu s io n  
pum p).
TV T h r o t t l e  v a lv e .  C o n t ro ls  th e  gas  p r e s s u r e .
SV Safety  v o lu m e .  P r e v e n t s  b a ck in g  p u m p  oil 
su ck in g  b a c k  in to  th e  s y s te m  in  th e  e v e n t  of 
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10 m m .  Hg a t ro o m  t e m p e r a t u r e ,  d e n s i ty  = .8 7 1  g m / c m  a t 20 C.
T h e  g a s  u s e d  f o r  th e  e x p e r im e n t s  w as p a s s e d  co n tin u o u s ly  
th ro u g h  th e  d i s c h a r g e  c h a m b e r .  It e n t e r s  th ro u g h  th e  n e ed le  v a lv e ,  
and i s  p u m p e d  aw ay  th ro u g h  the  t h r o t t l e  v a lv e  by  th e  b a c k in g  pum p . 
T a p s  T1 and T 2  a r e  opened  when p u m ping  dow n, bu t  c lo se d  w hile  
e x p e r im e n t in g .  T h e  p r e s s u r e  in  the  c h a m b e r  is  c o n t ro l le d  by c lo s in g  
the  t h r o t t l e  v a lv e ,  th e  r a t e  at w h ich  th e  gas  e n t e r s  th e  s y s te m  b e in g  
s e t  at th e  s a m e  v a lu e  f o r  a  s e r i e s  of e x p e r im e n t s .
W hen  th e  gas  f low s c o n tin u o u s ly  th ro u g h  th e  s y s t e m ,  and 
the  p r e s s u r e  i s  c o n t ro l le d  in  th i s  m a n n e r ,  the  p e r c e n ta g e  of i m p u r i t i e s  
in  th e  gas  in  th e  s y s t e m  sh o u ld  be  s u b s ta n t ia l ly  in d e p e n d e n t  of p r e s s u r e  
and t i m e .  It  i s  a s s u m e d  th a t  th e  r a t e  a t w hich  i m p u r i t i e s  f r o m  bo th  
r e a l  and v i r t u a l  le a k s  le a k  in to  th e  s y s t e m ,  does  not v a ry  g r e a t ly  o v e r  
a s e r i e s  of e x p e r i m e n t s ,  and i s  in d ep en d en t of p r e s s u r e .
T h e  b a s e  le ak  r a t e  (the r a t e  a t w hich  i m p u r i t i e s  le a k  in to  the  
s y s te m )  w as  a p p ro x im a te ly  0. 15 m ic r o n  l i t r e / s e c .  , th e  gas  le a k  r a t e  
a p p ro x im a te ly  500 m ic r o n  l i t r e / s e c .  f o r  ty p ic a l  e x p e r i m e n t s .  T h u s ,  
if a  p u re  g a s  w as  fed in to  th e  d i s c h a r g e  c h a m b e r ,  th e  d i s c h a r g e  would 
be run n in g  in  a  g a s  co n ta in in g  0. 03% of i m p u r i t i e s .
I n d u s t r i a l  g ra d e  h y d ro g e n ,  h e l iu m  and a r g o n ,  and a i r ,  w e re  
u s e d  fo r  t h e s e  e x p e r im e n t s .  T h e  i n e r t  g a s e s  and h y d ro g e n  w e re  
c h o se n  fo r  t h e i r  r e l a t iv e ly  s im p le  n a tu r e ,  and t h e i r  c h e m ic a l  i n e r t ­
n e s s .  T h e s e  g a s e s  a r e  not d e c o m p o se d  by the  d i s c h a r g e  (a lthough
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th e  h y d ro g e n  w ill  be  d i s s o c ia te d  to  so m e  ex ten t)  and do not r e a c t  
w ith  th e  m a t e r i a l s  of w hich  the  c h a m b e r  i s  c o n s t r u c te d .  T h e i r  
m o le c u l a r  w e ig h ts  c o v e re d  a w ide r a n g e ,  and l a r g e  c y l in d e r s  w e re  
r e a d i ly  o b ta in a b le .  A lthough  the  gas  f r o m  th e s e  c y l in d e r s  i s  not 
p a r t i c u l a r l y  p u r e  (a p p ro x im a te ly  99,9%  p u r e ,  a f t e r  d ry in g ;  the  
c o m p o s i t io n  v a r i e s  f r o m  c y l in d e r  to  c y l in d e r ) ,  i t  w as a s s u m e d  th a t  
the  c o m p o s i t io n  of th e  gas  f r o m  a p a r t i c u l a r  c y l in d e r  would not 
change  w ith  t im e .  T h e  g a s e s  (with th e  ex ce p t io n  of the  a i r )  w e re  
d r ie d  by  p a s s in g  th ro u g h  type  4A " M o le c u la r  S iev e"  (an a r t i f i c i a l  
z e o l i te  m a n u fa c tu r e d  by th e  L in d e  C om pany) p r i o r  to  e n te r in g  the 
d i s c h a r g e  c h a m b e r .  B e c a u s e  of the  r e la t iv e ly  l a r g e  r a t e  at w hich  
im p u r i t i e s  le ak  in to  th e  d i s c h a r g e  c h a m b e r ,  f u r t h e r  p u r i f ic a t io n  w as  
c o n s id e re d  to  be  of doubtfu l v a lu e ,  and w as  not a t te m p te d .
T h e  d i s c h a r g e  w ill  th u s  b e  ru n n in g  in  the  m ix tu r e  of g a s e s  
f r o m  an in d u s t r i a l  c y l in d e r ,  c o n ta m in a te d ,  bu t not g re a t ly  s o ,  by 
im p u r i t i e s  le ak in g  in to  the  d i s c h a r g e  c h a m b e r .  T h e  m a g n itu d e  and 
c o m p o s i t io n  of the  i m p u r i t i e s  le ak in g  in to  the  d i s c h a r g e  c h a m b e r  i s  
v a r i a b l e ,  ev en  though th e  gas  i s  p a s s e d  th ro u g h  the  c h a m b e r  in  such  
a m a n n e r  a s  to  k eep  th e  p e rc e n ta g e  of i m p u r i t i e s  in  the  gas  a t  a 
c o n s ta n t  l e v e l .
I m p u r i t i e s  ( inc luding  th o s e  f r o m  the  c y l in d e r  a s  w e ll  as  
th o se  le a k in g  in to  the  c h a m b e r )  c an  have  a m a jo r  e ffec t  on d i s c h a r g e  
b e h a v io u r ,  ev en  though  they  m ak e  up  only a s m a l l  p e rc e n ta g e  of th e
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gas  in  the  c h a m b e r .  T h e  g a s e s  u s e d  f o r  th e s e  e x p e r im e n t s  a r e  
c h a r a c t e r i z e d  by h igh  io n iz a t io n  and e x c i ta t io n  p o te n t ia l s .  F o r  th is  
r e a s o n  im p u r i ty  m o le c u le s ,  w h ich  in  g e n e r a l  have  lo w e r  io n iz a t io n  
p o te n t i a l s ,  w il l  ten d  to  be  io n iz e d  in  p r e f e r e n c e  to  th e  m o le c u le s  of 
the  e x p e r im e n t a l  g a s .  T h e  io n iz a t io n  of the  im p u r i t i e s  f r e q u e n t ly  
o c c u r s  in  c o l l i s io n s  of th e  s e c o n d  kind ( F r  56), th e  im p u r i ty  m o le c u le  
b e in g  io n iz e d  in  a  c o l l i s io n  w ith  a  m e ta s ta b le  ex c i ted  m o le c u le  of the  
m a in  g a s .  A p p ro x im a te  c a lc u la t io n s  in d ic a te  th a t  the  d e g re e  of 
io n iz a t io n  i s  of th e  o r d e r  of th e  p e r c e n ta g e  of im p u r i ty  m o le c u le s  
p r e s e n t  in  the  c h a m b e r .  T h e  p e r c e n ta g e  of the  ions  th a t  a r e  not io n s  
of the  e x p e r im e n ta l  gas  w ill  th u s  b e  qu ite  l a r g e .  T h e  e ffec t  of a  
s m a l l  p e r c e n ta g e  of an  im p u r i ty  g a s  on th e  b e h a v io u r  of a  d i s c h a r g e  
i s  d i s c u s s e d  by FR A N C IS ( F r  56).
T h e  above  d i s c u s s io n  in d ic a te s  th a t :
(a) T h e  n a tu re  of th e  v a c u u m  s y s t e m ,  and th e  p u r i ty  of the  
gas  fed  in to  the  c h a m b e r ,  a r e  s u c h  th a t  the  e x p e r im e n t s  a r e  not 
p e r f o r m e d  in  a  g a s  th a t  i s  su f f ic ie n t ly  p u re  fo r  th e  r e s u l t s  to  be  
c h a r a c t e r i s t i c  only of th e  e x p e r im e n ta l  g a s .
(b) V a r ia t io n  of th e  im p u r i ty  l e v e l ,  and th e  c o m p o s i t io n  of th e  
im p u r i t i e s  cou ld  g ive  r i s e  to  a  l a c k  of r e p e a ta b i l i ty  of the  e x p e r i ­
m e n ta l  r e s u l t s .
T h e  u s e  of r e l a t iv e ly  im p u r e  g a s e s  in  a  " d i r ty "  v acu u m
s y s te m  f o r  th e  e x p e r im e n t s  d e s c r ib e d  in  th is  c h a p te r ,  i s  ju s t i f ie d
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only  b e c a u s e  th e s e  e x p e r im e n ts  a r e  in  th e  n a tu re  of a  p r e l im in a r y  
s u rv e y .
2 .1 .  5 L ig h t d e te c tio n  and v e lo c ity  m e a s u re m e n t
T h e  lig h t f ro m  th e  m oving  d is c h a rg e  w as d e te c te d  by 
DuM ont ty p e  62 91 p h o to m u ltip lie r  tu b e s  p la c e d  o u ts id e  th e  f ie ld  of 
th e  m a g n e t. T h e  lig h t f ro m  th e  d is c h a rg e  p a s s e s  th ro u g h  th e  " P e r s p e x "  
top  c o v e r  of th e  d is c h a rg e  c h a m b e r ,  up a  n a r ro w  ho le  th a t d e f in e s  th e  
s p a t ia l  r e s o lu t io n  of th e  lig h t d e te c tio n  eq u ip m en t (the v iew in g  h o le ) 
and e n te r s  th e  s id e  of a  c y l in d r ic a l  " P e r s p e x "  lig h t p ip e . It i s  to ta l ly  
in te rn a l ly  r e f le c te d  by  a  p o lish e d  fa c e  at 45° to  th e  ax is  of th e  p ip e , 
and is  r e f le c te d  3 fe e t  down th e  p ipe  to  the  p h o to m u ltip lie r .
F o r  v e lo c ity  m e a s u re m e n t  th e  lig h t f ro m  tw o h o le s  10 c m . 
a p a r t  w as r e f le c te d  down tw o lig h t p ip e s  to  a s in g le  p h o to m u lt ip l ie r .
One v iew in g  ho le  w as s m a l l e r  th a n  th e  o th e r ,  en ab lin g  the  d ire c t io n  
of ro ta t io n  to  b e  d e te rm in e d  by  th e  r e la t iv e  p o s it io n  of th e  s m a l l  and 
la rg e  p u ls e s  on th e  o s c il lo sc o p e  s c r e e n .
T h e  p h o to m u lt ip l ie r  dynode v o lta g e s  w e re  su p p lied  f ro m  a 
" b le e d e r  c h a in "  of v o lta g e  d iv id ing  r e s i s t o r s .  T he  c u r r e n t  th ro u g h  
th e  b le e d e r  c h a in  is  3 m A ,  w ith  1 ,8 0 0  v o lts  (the m ax im u m  tu b e  
v o ltag e ) a c r o s s  th e  p h o to m u lt ip l ie r .  T he  b le e d e r  c h a in  c u r r e n t  w as 
ch o sen  to  be  a s  la rg e  as p o s s ib le  c o n s is te n t  w ith  th e  p o w er su p p ly  
b e in g  u se d  fo r  a n u m b e r  of p h o to m u lt ip l ie r s .  (In l a t e r  e x p e r im e n ts  
th r e e  p h o to m u lt ip l ie r s  w e re  u s e d  s im u lta n e o u s ly ) . T he high v o lta g e  
fo r  the  p h o to m u lt ip l ie r s  i s  su p p lied  by a Jo h n  F lu k e  M an u fac tu rin g
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C oy. In c .  M odel 405L h igh v o l ta g e  s u p p ly ,  which w ill  g ive  15 mA 
ou tpu t c u r r e n t .  H eavy f i l t e r in g  of th e  l a s t  two s ta g e s  of the  p h o to ­
m u l t i p l i e r  i s  a c c o m p l is h e d  by sh u n tin g  e a c h  b l e e d e r  c h a in  r e s i s t o r  
w ith  an  8 m i c r o f a r a d  e l e c t r o ly t i c  c o n d e n s e r .  T h is  f i l t e r i n g ,  and 
the  l a r g e  b l e e d e r  ch a in  c u r r e n t ,  p r e v e n t  d i s to r t io n  of th e  p h o to ­
m u l t i p l i e r  ou tput p u ls e s  due to  c u r r e n t  p u ls e s  f r o m  th e  dynodes  
a l t e r i n g  th e  v o l ta g e ,  and h e n ce  the  g a in ,  of the  l a t e r  s t a g e s  of the  
p h o to m u l t ip l ie r  d u r in g  a p u ls e .
T h e  anode of the  p h o to m u l t ip l ie r  i s  at e a r th  p o te n t ia l ,  the 
p h o to ca th o d e  at a  n eg a t iv e  p o te n t ia l ,  so  th a t  the  s ig n a l  m ay  be  d i r e c t ly  
co u p led  f r o m  the  anode of the  tu b e  to  th e  inpu t of the  ca th o d e  r a y  
o s c i l lo s c o p e .  T h is  f e a tu r e  a llow s  th e  l igh t in te n s i ty  to  b e  m e a s u r e d  
b e tw e e n  p u l s e s ,  so  th a t  i t  can  be  d e te r m in e d  w h e th e r  o r  not the  
in te n s i ty  f a l l s  to  z e r o  b e tw e e n  p u l s e s .  T h e  s ig n a l  w as fed  to  the  
o s c i l lo s c o p e  v ia  about 10 fe e t  of u n te r m in a te d  c o a x ia l  c a b l e .  A low 
lo ad  r e s i s t o r  (1. 2 K ohm ) w as  c h o s e n  so  th a t  the  load  im p e d a n c e  
t im e  c o n s ta n t ,  w hich d e t e r m in e s  th e  f r e q u e n c y  r e s p o n s e  of the  light 
d e te c t io n  s y s t e m ,  w as su i ta b ly  low (a p p ro x im a te ly  .2  m i c r o s e c . )
T h e  u s e  of an  u n te r m in a te d  c a b le  e n a b le s  a su i ta b ly  l a r g e  o s c i l lo sc o p e  
in p u t s ig n a l  to  be  ob ta in ed  w ithout u s in g  a d . c .  p r e a m p l i f i e r ,
A T e k t ro n ix  T y p e  545 -A ca th o d e  ra y  o s c i l lo s c o p e  w as u sed  
f o r  s ig n a l  d is p la y  and t im e  m e a s u r e m e n t .  A T y p e  CA p lu g - in  p r e a m ­
p l i f i e r  a s s i s t e d  w ith  the  c o m p a r i s o n  of s ig n a l s  f r o m  tw o  s o u r c e s .
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T h is  p r e a m p l i f i e r  h a s  f a c i l i t i e s  fo r :
(a) T h e  d is p la y  of s ig n a l s  f r o m  e ac h  of tw o input c h a n n e ls  on 
a l t e r n a t e  s w e e p s  of the  e l e c t r o n  b e a m  a c r o s s  the  s c r e e n .
(b) "C hopp ing"  b e tw e e n  the  tw o c h a n n e ls  a t a  f r e q u e n c y  of 
a p p ro x im a te ly  100 K c / s e c .
(c) "A dding" the  s ig n a l s  f r o m  e ac h  ch an n e l .  P o la r i ty  r e v e r s a l  
s w i tc h e s  e n ab le  th e  CA p lu g - in  p r e a m p l i f i e r  to  ac t  a s  a  d i f f e r e n t i a l  
a m p l i f i e r  when o p e r a te d  in  th i s  m o d e .
(d) In d iv id u a l  d is p la y  of the  tw o inpu t s ig n a l s .
T h e  g a in  of the  CA p r e a m p l i f i e r  (m ax im u m  s e n s i t iv i ty  of 
th e  o s c i l lo sc o p e  = 50 m V o l t / c m ,  w ith th is  a m p l i f ie r )  and the  b a n d ­
w idth  of th e  eq u ip m en t have  p ro v e d  s a t i s f a c to r y  fo r  the  e x p e r im e n t s  
d e s c r ib e d  in  th is  t h e s i s .
2 .2  EARLY E X P E R IM E N T S : LA C K  OF R E PR O D U C E  ABILITY 
AND ITS CAUSES
T he  o b s e r v e d  v a r i a t i o n  of th e  v e lo c i ty  of the  d i s c h a r g e  a s  a 
func tion  of m a g n e t ic  f ie ld ,  d i s c h a r g e  c u r r e n t ,  and the  p r e s s u r e  and 
c o m p o s i t io n  of th e  g a s  w ill  no t be d i s c u s s e d .  T h e  r e s u l t s  o b ta in ed  
a r e  not in c o n s i s te n t  w ith  th e  m o re  r e l i a b l e  and m o re  s ig n if ic a n t  
r e s u l t s  d i s c u s s e d  in  C h a p te r s  3 and 4 w hich  d e s c r ib e  e x p e r im e n t s  
p e r f o r m e d  in  d i s c h a r g e  c h a m b e r s  of im p r o v e d  d e s ig n .
T he  d i r e c t io n  of m o tio n  of th e  d i s c h a r g e ,  a s  in d ic a te d  by the  
r e l a t iv e  p o s i t io n s  on th e  o s c i l lo sc o p e  s c r e e n  of the  s ig n a ls  due to  
l igh t p a s s in g  th ro u g h  the  s m a l l  and la r g e  h o le s ,  w as  a lw ay s  in  the
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A m p e r ia n  d i r e c t i o n .  T h is  r e s u l t  i s  not u n e x p ec te d  b e c a u s e  of the  
h igh p r e s s u r e  at w h ich  the  o b s e r v a t io n s  w e re  m ade  (at lo w e r  p r e s ­
s u r e s  th e  d i s c h a r g e  o c c u p ie s  the  e n t i r e  r e g io n  b e tw e e n  the  e l e c t r o d e s ,  
so  th a t  th e  l ig h t  in te n s i ty  d o es  not fa l l  to  z e r o )  and the  e n t i r e ly  
d i f f e r e n t  n a tu r e s  of th e  ca th o d e  re g io n  of th e  glow d i s c h a r g e ,  and 
th e  a r c  d i s c h a r g e .
In t h e s e  s tu d ie s  of th e  r e p e a ta b i l i ty  of the  e x p e r im e n ta l  
r e s u l t s  th e  t im e  th e  d i s c h a r g e  took  to  m ak e  a c i r c u i t  of the  r a c e t r a c k  
(the p e r io d  of r o ta t io n  of th e  d i s c h a r g e )  w as  m e a s u r e d  as  a  fu n c tio n  
of gas  p r e s s u r e  at f ixed  d i s c h a r g e  c u r r e n t  and m a g n e t ic  f ie ld .  E x ­
p e r im e n t s  in  a rg o n ,  h e l iu m ,  and h y d ro g en  show ed  th a t  th e  r e s u l t s  w e re  
not r e p e a ta b le .  A t a  f ixed  p r e s s u r e  th e  t i m e s  o b ta ined  o v e r  a  s e r i e s  
of m e a s u r e m e n t s  would v a r y  by up to  t  60% of the  m e an  v a lu e .
F o r  m o s t  m e a s u r e m e n t s ,  th i s  s c a t t e r  of the  e x p e r im e n t a l  
po in ts  i s  p e r h a p s  not a s  b ad  a s  i t  would a p p e a r  at f i r s t  s ig h t .  T he  
p e r io d  of r o ta t io n  i s  v a ry in g  ra p id ly  w ith p r e s s u r e  w h e re  c o n d it io n s  
a r e  su ch  th a t  the  s p r e a d  of the  t im e s  is  l a r g e ,  so  th a t  th e  s c a t t e r  of 
th e  po in ts  abou t a  m e a n  c u rv e  th ro u g h  the  p o in ts  i s  so m e w h a t  l e s s  
th a n  th is  f ig u r e  would in d ic a te .
A f te r  m u ch  e x p e r im e n ta l  w o rk  u s in g  th is  c h a m b e r ,  the  
fo llow ing  c o n c lu s io n s  w e re  r e a c h e d  r e g a r d in g  the  la c k  of r e p r o d u c e - 
ab il i ty  , and i t s  s o u r c e s .
1. T h e  s c a t t e r  of the  p e r io d s  of ro ta t io n  i s  g r e a t e s t  f o r  h e l iu m
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( io n iza t io n  p o te n t ia l  = 24. 58 v o l t s .  P o te n t ia l  of lo w e s t  e x c i te d  
s t a t e  (m e ta s ta b le )  = 20. 96 v o l t s ) ,  so m ew h a t  l e s s  fo r  a rg o n  ( io n i ­
z a t io n  p o te n t ia l  = 15. 755 v o l t s .  P o te n t ia l  of lo w e s t  e x c i te d  s t a t e  
( m e ta s ta b le )  = 1 1 .5 5  v o l t s )  and s t i l l  l e s s  f o r  h y d ro g e n  ( io n iza t io n  
p o te n t ia l  = 13. 595 v o l t s .  P o te n t i a l  of lo w e s t  e x c i te d  s t a t e  = 10. 15 
v o l t s . ) T h is  r e s u l t  i s  c o n s i s te n t  w ith  th e  la c k  of r e p r o d u c e a b i l i t y  
r e s u l t in g  f r o m  th e  p r e s e n c e  of a s m a l l  p e r c e n ta g e  of im p u r i ty  in  
the  g a s .  G e n e r a l ly  th e  h ig h e r  the  io n iz a t io n  and e x c i ta t io n  p o te n t i a l s ,  
th e  g r e a t e r  shou ld  be  the  e ffec t  of an  im p u r i ty .  H e n ce ,  b e c a u s e  the  
n a tu re  and p e r c e n ta g e  of th e  im p u r i ty  i s  not e n t i r e ly  c o n t r o l l e d ,  the  
s c a t t e r  of th e  m e a s u r e d  p e r io d s  of ro ta t io n  w ill  be  g r e a t e r ,  th e  h ig h e r  
th e  io n iz a t io n  and e x c i ta t io n  p o te n t ia ls  of the  g a s .  E x p e r im e n t s  in  a i r  
show ed th a t  th e  c u r v e s  would be  r e p e a te d  to  w ith in  a  fe w  p e r c e n t .  
H o w ev e r  not enough m e a s u r e m e n t s  w e re  m ad e  w ith  a i r  to  c o m e  to  a 
de fin i te  c o n c lu s io n s  a s  to  the  r e p ro d u c e a b i l i ty  of th e  r e s u l t s  of m e a s u r e ­
m e n ts  o b ta in ed  w ith  a i r .
2. T h e  v e lo c i ty  can  be  p a r t i c u l a r ly  s e n s i t iv e  to  the  p r e s e n c e  
of i m p u r i t i e s .  F o r  e x a m p le ,  in  one e x p e r im e n t ,  th e  p r e s e n c e  of 
0. 3% of a i r  in  a r g o n  c a u se d  th e  v e lo c i ty  to  i n c r e a s e  by a  f a c to r  of 
a p p ro x im a te ly  4 ,  a t  p r e s s u r e s  b e tw e e n  10 and  20 m m . Hg. (The 
h ig h e s t  p r e s s u r e  a t w hich  m e a s u r e m e n t s  w e re  m a d e ) .  T h e  i n c r e a s e  
w as  s o m e w h a t  l e s s  m a rk e d  be low  10 m m . Hg. A bove 10 m m . Hg 
th e  v e lo c i ty  of a  d i s c h a r g e  in  p u re  a i r  i s  20 to  40 t im e s  th a t  of the
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d i s c h a r g e  in  a rg o n .  T h e  p r e s e n c e  of a  s m a l l  p e r c e n t a g e  of a rg o n  
in  a i r ,  h o w e v e r ,  d o es  not g re a t ly  a f fe c t  th e  v e lo c i ty  of th e  d i s c h a r g e .  
T h is  a g a in  in d ic a te s  th a t  th e  p r e s e n c e  of a s m a l l  a m o u n t of an i m ­
p u r i ty  of low io n iz a t io n  p o te n t ia l  in  a  g a s  w ith  h igh  io n iz a t io n  and 
e x c i ta t io n  p o te n t ia l s  has  a m a jo r  e ffe c t  on th e  b e h a v io u r  of a d i s c h a r g e  
in  th i s  g a s .
3. T h e  v e lo c i ty ,  and the  r e g u la r i t y  of th e  m o tio n  depend  on th e  
co n d it io n  of th e  e l e c t r o d e s .  T h is  i s  p a r t i c u l a r l y  t r u e  a t h ig h e r  
p r e s s u r e s .  A d a r k  g re y  d e p o s i t  r e s u l t i n g  f r o m  th e  c r a c k in g  of 
d if fu s io n  p u m p  o il by the  d i s c h a r g e  so o n  b u i ld s  up  on th e  e l e c t r o d e s  , 
c a u s in g  the  d i s c h a r g e  to  m ove in  a  je rk y  fa s h io n  and e v en ,  at h ig h e r  
p r e s s u r e s ,  to  b e c o m e  s t a t i o n a r y ,  r a t h e r  th a n  m o v e  ro u n d  the  r a c e ­
t r a c k  at c o n s ta n t  v e lo c i ty  , a s  i t  d o e s  on c le a n  e l e c t r o d e s .
4 . At h igh  p r e s s u r e s  (15-20  m m . H g ) , th e  d i s c h a r g e  te n d s  to  
" s t i c k "  a t  p r o je c t io n s  and i r r e g u l a r i t i e s  in  th e  d i s c h a r g e  c h a m b e r .
It h a s  b e e n  o b s e r v e d  to  s t i c k  at th e  s i l v e r  s o ld e r e d  jo in  in  th e  o u te r  
e l e c t r o d e ,  and  th e  " P e r s p e x "  b lo c k s  on w hich  th e  o u te r  e l e c t r o d e  i s  
m o u n te d .  T h e s e  b lo c k s  b e c o m e  c o v e r e d  w ith  a th in  f i lm  c o n s i s t in g  
of a m ix tu r e  of c r a c k e d  o i l ,  and c o p p e r  s p u t t e r e d  f r o m  th e  c a th o d e .
It i s  of i n t e r e s t  to  no te  th a t  the  s i l v e r  s o ld e r  of th e  jo in s  w as  b a r e  w hile  
th e  r e m a i n d e r  of th e  e le c t r o d e  w as c o v e r e d  w ith  th e  d a r k  g re y  d e p o s i t  
r e s u l t i n g  f r o m  th e  c r a c k in g  of th e  d if fu s io n  pum p o il .
5. T he  d e p o s i t  on th e  e l e c t r o d e s ,  and th e  w a l ls  of the  c h a m b e r
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o r ig in a te s  a lm o s t  e n t i r e ly  f r o m  the  c r a c k in g  of d iffu s io n  p um p  o i l .
T h e  r a t e  at w h ich  th e  d e p o s i t  g re w  w as qu ite  low  w hen only a b a ck in g  
p u m p  w as  u s e d  to  pum p down th e  v a cu u m  s y s t e m .  T he r a t e - o f - g r o w t h  
w as  ex cee d in g ly  h igh when a s i l ic o n e  o il  w as  u sed  in  the  d iffu s io n  
pum p. S p e c t ro g ra p h ic  a n a ly s i s  ( p e r fo r m e d  by th e  D e p a r tm e n t  of 
G e o p h y s ic s  of th i s  U n iv e r s i ty )  show ed the  p r e s e n c e  of l a r g e  a m o u n ts  
of s i l i c o n  in  the  d e p o s i t  on the  e l e c t r o d e s .
T h e  te n d en c y  of s i l ic o n e  d if fu s io n  pum p o ils  to  m ig r a t e  to  
the  d i s c h a r g e  c h a m b e r  by ’'c r e e p in g "  o v e r  s u r f a c e s ,  i s  f a i r l y  w e ll  
known (Ri 61). F o r  th i s  r e a s o n ,  the  s i l ic o n e  pum p o il w as  r e p la c e d  
by A p iezo n  "B "  o i l ,  w h ich  a p p e a re d  to  r e d u c e  the  r a t e - o f - g r o w t h  of 
th e  d e p o s i t .  A s ig n if ic a n t  re d u c t io n  in  the  r a t e - o f - g r o w th  r e s u l t e d  
f r o m  th e  in s ta l la t io n  of a  co ld  t r a p  above the  d iffu s io n  pum p .
T he  d e p o s i t  s t i l l  o b s e r v e d  a f t e r  th e  in s ta l la t io n  of th i s  t r a p  
could co m e  f r o m  t h r e e  s o u r c e s :
(a) T he  le v e l  of the  l iq u id  a i r  in  th e  co ld  t r a p  w as  not a u tu m a t i -  
c a l ly  c o n t r o l le d ,  so  th a t  a s  le v e l  of the  liqu id  a i r  d ro p p e d ,  oil 
t r a p p e d  a t  the  to p  of th is  t r a p  would e v a p o r a te  off , and e n t e r  the 
d i s c h a r g e  c h a m b e r .
(b) U n p o ly m e r iz e d  m e th y l  m e th a c r y l a te  f r o m  the " P e r s p e x "  
c o v e r s  of the  box  cou ld  e n t e r  the  c h a m b e r ,  and be  c r a c k e d  by the  
d i s c h a r g e .
(c) T h e  v a c u u m  s y s t e m  could  not be  c le a n e d  th o ro u g h ly  p r i o r
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to  in s t a l l in g  the  co ld  t r a p .  T r a c e s  of o il  r e m a in in g  above  the  co ld  
t r a p  cou ld  d if fu se  to  the  c h a m b e r ,  and be  c r a c k e d .
6. T h e  im p r o v e m e n ts  to  th e  v a cu u m  s y s te m  d e s c r ib e d  above 
h av e  not s ig n if ic a n t ly  im p r o v e d  the  r e p ro d u c e a b i l i ty  of th e  r e s u l t s ,  
e x ce p t  in  so  f a r  a s  th e  d e p o s i t  on th e  e l e c t r o d e s  a f fe c ts  r e p r o d u c e ­
a b i l i ty .  The im p r o v e d  v acu u m  s y s te m  h a s  im p ro v e d  th e  b a s e  p r e s s u r e  
to  w hich  the  s y s t e m  m ay  b e  p u m p e d ,  bu t  h a s  not s ig n if ic a n t ly  ch an g ed  
the  r a t e  at w h ich  i m p u r i t i e s  leak  in to  th e  s y s t e m .
7. T h e  r e s u l t s  s u m m a r i z e d  a b o v e ,  and  the  d i s c u s s io n  of s e c t io n  
2. 1 .4  e m p h a s iz e  th e  n e c e s s i ty  f o r  th e  c o n s t r u c t io n  of a  v a cu u m  s y s t e m  
of a  m u c h  m o r e  s o p h is t i c a te d  d e s ig n  to  e n ab le  th e  d i s c h a r g e  to  ru n  
b e tw e e n  " c le a n "  e l e c t r o d e s  in  g a s e s  of v e ry  h igh  p u r i ty .  C a r e  m u s t  
be ta k e n  to  m a in ta in  gas  p u r i ty  and e le c t r o d e  c le a n l in e s s  d u r in g  
e x p e r im e n t s .  T h e  d e s ig n  of, and e x p e r im e n t s  p e r f o r m e d  in  su ch  a 
s y s t e m ,  a r e  d e s c r ib e d  in  C h a p te r  4.
2. 3 T H E  SOURCE OF THE MOTION
As m e n tio n e d  in  s e c t io n  2. 1 .1 ,  the  r a c e t r a c k  d e s ig n  w as  
c h o se n  p r i m a r i l y  f o r  a t te m p t in g  to  d e te r m in e  the  s o u r c e  of th e  m o tio n  
of th e  d i s c h a r g e  f r o m  the  m e a s u r e m e n t  of th e  r a t io  T ^ / T ^ .  It i s  
a s s u m e d  th a t  the  v e lo c i ty  i s  c o n tro l le d  by the  re g io n  of the  d i s c h a r g e  
th a t  m o v e s  a ro u n d  th e  r a c e t r a c k  at c o n s ta n t  v e lo c i ty ,  th e  r e m a i n d e r  
of th e  d i s c h a r g e  b e in g  d ra g g e d  along at th is  v e lo c i ty .
E x p e r im e n ta l  v a lu e s  of T r ^ / T r  f o r  a rg o n ,  a i r  and a r g o n / a i r
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m ix tu re s  w e re  p lo tte d  a g a in s t p r e s s u r e .  L in e s  w e re  d raw n  on th is  
g ra p h  c o r re s p o n d in g  to  th e  v a lu e s  of T ^ / T r  th a t  w ould be o b ta in ed  
if  th e  d is c h a rg e  m oved  w ith  c o n s ta n t v e lo c ity  a long  th e  c a th o d e  and 
anode s u r f a c e s .  T h e  e x p e r im e n ta l  v a lu e s  of T ^ / T ^  ten d ed  to  c lu s t e r  
about th e  lin e  c o r re s p o n d in g  to  a  c o n s ta n t v e lo c ity  a long  th e  c a th o d e . 
H ow ever e x p e r im e n ta l  e r r o r s  a r e  of su c h  a  m ag n itu d e  th a t a l l  th a t  
c an  be co n c lu d ed  i s  th a t  th e  d is c h a rg e  a p p e a r s  to  m ove w ith  c o n s ta n t 
v e lo c ity  a lo n g  th e  ca th o d e  (the o u te r  e le c t ro d e ) .  T h e  le n g th s  of the  
anode and th e  c a th o d e  a r e  not su ff ic ie n tly  d if fe re n t  to  g ive a  m o re  
s ig n if ic a n t r e s u l t .
T h e  r a t io  T r ^ /T r  w as p lo tted  only  fo r  s ig n a ls  w h e re  th e  
j i t t e r  and n o ise  on th e  lig h t p u lse  w as no t e x c e s s iv e ,  and w h e re  th e  
d is c h a rg e  w as so  n a r ro w  th a t  the  p u ls e s  c o rre sp o n d in g  to  th e  d i s ­
c h a rg e  p a s s in g  u n d e r  th e  s m a l l  and la r g e  v iew in g  h o le s  w e re  so  
n a r ro w  th a t th e  p u ls e s  w e re  w e ll r e s o lv e d . Such s ig n a ls  only o c c u r ­
re d  a t h ig h e r  p r e s s u r e s .  H ence the  above c o n c lu s io n  only h o ld s  fo r  
p r e s s u r e s  above a p p ro x im a te ly  10 m m . H g.
It i s  a s s u m e d  th a t th e  v e lo c ity  a t w h ich  th e  v e lo c i ty - c o n t r o l ­
lin g  re g io n  of th e  d is c h a rg e  m o v es  a ro u n d  th e  c u rv e d  s e c tio n  of th e  
gap b e tw ee n  the  e le c t r o d e s ,  i s  th e  sam e  a s  th a t at w hich  i t  m o v es  
a long  th e  s t r a ig h t  s e c t io n s .  T h is  i s  p ro b a b ly  a  s a t i s f a c to r y  a s s u m p tio n  
if  th e  anode and ca th o d e  re g io n s  c o n tro l  th e  v e lo c i ty . T h e s e  re g io n s
a r e  th in  c o m p a re d  w ith  the ra d iu s  of th e  c u rv e d  s e c t io n s  of th e  e le c t ro d e s
and th e  c r o s s - s e c t i o n a l  a r e a  of th e  d i s c h a r g e  (th is  i s  p a r t i c u l a r l y  t r u e  
at h igh  p r e s s u r e s ,  w h e re  th e s e  m e a s u r e m e n t s  w e re  m ade) i . e .  , f r o m  
g e o m e t r i c a l  c o n s id e r a t io n s  th e  e l e c t r i c  f ie ld ,  and o th e r  p a r a m e t e r s  
d e s c r ib in g  th e s e  r e g io n s  w ill  be s u b s ta n t ia l ly  the  s a m e  at the  c u rv e d  
s e c t io n s  a s  a long  the s t r a ig h t  s e c t io n s .
H o w ev e r  t h i s  i s  not th e  c a s e  i f  the  p o s i t iv e  c o lu m n  c o n t r o l s  
the  d i s c h a r g e  v e lo c i ty .  In the  a b se n c e  of a  d i s c h a r g e ,  th e  e l e c t r i c  
f ie ld  d i s t r ib u t io n  a t th e  c u rv e d  s e c t io n s  is  m a rk e d ly  d i f f e r e n t  f r o m  
th a t  a long  th e  s t r a ig h t  s e c t io n s .  H ence  th e  e l e c t r i c  f ie ld  d i s t r ib u t io n  
and  the  s t r u c t u r e  of the  p o s i t iv e  co lu m n  m ay  be  m a rk e d ly  d i f f e r e n t  
f o r  a  d i s c h a r g e  m ov ing  a ro u n d  the  c u rv e d  s e c t io n s  th a n  f o r  one m oving  
a long  th e  s t r a i g h t s .  T h e  above  m e a s u r e m e n t s  do not ex c lu d e  th e  
p o s s ib i l i ty  of th e  p o s i t iv e  co lu m n  c o n t ro l l in g  the  v e lo c i ty  of th e  d i s ­
c h a r g e ,  a  ch an g e  in  th e  s t r u c t u r e  of th e  p o s i t iv e  c o lu m n  c a u s in g  the  
v e lo c i ty  to  d ro p  a s  th e  d i s c h a r g e  m o v e s  a ro u n d  the  c u rv e d  s e c t io n s  
of th e  r a c e t r a c k .
B e c a u s e  of th e  s u g g e s t iv e ,  bu t not c o n c lu s iv e ,  r e s u l t  of th is  
e x p e r im e n t ,  th e  d e te r m in a t io n  of th e  s o u r c e  of the  m o tio n  of the  
d i s c h a r g e  w ill  be  f u r t h e r  p u r s u e d  u s in g  a d i s c h a r g e  c h a m b e r  of 
s o m e w h a t  d i f f e r e n t  d e s ig n .  (See s e c t io n s  3. 1. 1 and 3 .4 ) ,
2 .4  T H E  SH A PE O F T H E  MOVING DISCHARGE
It i s  of im p o r ta n c e  f o r  a c o m p le te  d e s c r ip t i o n  of th e  m o tio n
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of a  d i s c h a r g e  in  a  T .  M .F .  to  d e te r m in e  not only th e  re g io n  of th e
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d i s c h a r g e  c o n t ro l l in g  th e  m o t io n ,  bu t th e  s p a t i a l  r e la t io n s h ip  of th e  
v a r io u s  p a r t s  of th e  d i s c h a r g e ,  e . g .  , does  th e  ca thode  r e g io n  le a d ,  
o r  lag  b e h in d ,  the  p o s i t iv e  c o lu m n  of th e  d i s c h a r g e .  T h is  s e c t io n  
d e s c r i b e s  o b s e r v a t io n s  of th e  sh a p e  of the  m oving  d i s c h a r g e  look ing  
down on th e  d i s c h a r g e  in  th e  d i r e c t i o n  of the  m a g n e t ic  f ie ld .
T h e  r a c e t r a c k  c h a m b e r  i s  id e a l  f o r  o b s e r v a t io n  of th e  sh a p e  
of th e  m oving  d i s c h a r g e ,  b e c a u s e  th e  d i s c h a r g e  ru n s  c lo se  to  th e  
f la t  to p  c o v e r  of th e  d i s c h a r g e  c h a m b e r .  B e c a u se  of the  p ro x im i ty  
of th e  d i s c h a r g e  to  th e  v iew ing  h o le  of the  l ig h t  d e te c t io n  e q u ip m e n t  
(which d e t e r m in e s  th e  s p a t i a l  r e s o lu t io n  of th i s  eq u ip m e n t) ,  a  h ig h  
s p a t i a l  r e s o lu t io n  m ay  be  o b ta in ed  w ithou t re d u c in g  th e  p h o to m u l­
t i p l i e r  ou tput p u ls e  to  an  a m p l i tu d e  su ch  th a t  th e  n o ise  f r o m  th e  
l igh t d e te c t io n  s y s te m  b e c o m e s  e x c e s s i v e ,  o r  d iff icu lty  i s  e x p e r ie n c e d  
in  t r i g g e r i n g  th e  o s c i l lo s c o p e .
T he  s p a t i a l  r e s o lu t io n  of t h i s  a p p a r a tu s  i s  su ch  th a t  th e  p h o to ­
m u l t ip l i e r  s e e s  th e  l ig h t  o r ig in a t in g  f r o m  a c i r c l e  of 4. 8 m m . 
d i a m e t e r  in  the  m e d ia n  p lan e  of th e  d i s c h a r g e .  (See f ig u re  2. 7(a)).
T h e  r e s o lu t io n  of the  eq u ip m en t i s  no t a s  p o o r  a s  th i s  d i a m e t e r  w ould 
s u g g e s t .  If a  " s t e p "  l ig h t  p u lse  w ith  a  s t r a i g h t  edge (as show n in  
f ig u re  2. 7(b)) shou ld  m ove  a c r o s s  th i s  c i r c l e ,  the  am p li tu d e  of th e  
p h o to m u l t ip l ie r  ou tpu t s ig n a l  w ill  h av e  i n c r e a s e d  to  only 19% of th e  
p eak  a m p l i tu d e  w hen  the  s te p  h a s  m o v ed  a c r o s s  a  q u a r t e r  of th e
d i a m e t e r  of th e  c i r c l e .  T he  r a d iu s  of th is  c i r c l e  would give a  b e t t e r
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FIG  2. 7 R ESO LU TIO N  OF TH E LIGHT D E T E C T IO N  SY STEM
(a) G e o m e tr y  of th e  l igh t d e te c t io n  s y s te m
V - V iew ing h o le .  T h is  h o le  l im i t s  th e  a r e a
of the  d i s c h a r g e  s e e n  by th e  p h o to m u l t ip l ie r .
P  - " P e r s p e x "  l ig h t  p ip e .
E - E l e c t r o d e s .
(b) R e s p o n s e  of the  s y s te m  to  a  " s t e p "  of l ig h t  m ov ing  
a c r o s s  the  v iew ing  h o le
(i) - L ig h t  p u lse .
(ii) - R esp o n se  of th e  p h o to m u l t ip l ie r .
(c) R e s p o n s e  of th e  s y s te m  to  a d a r k  s t r i p  m oving  
a c r o s s  the  v iew ing  h o le .  W id th  of s t r i p  - r a d iu s  
of th e  c i r c l e  of r e s o lu t io n
(i) - D a rk  s t r i p .































m e a s u r e  of the  r e s o lu t io n .  If a  d a r k  s t r i p ,  a r a d iu s  w id e ,  should  
m ove  a c r o s s  th i s  c i r c l e ,  th e  a m p li tu d e  of th e  p h o to m u l t ip l ie r  output 
s ig n a l  would fa l l  to  a p p ro x im a te ly  40% of th e  peak  a m p l i tu d e  a s  the  
d a r k  s t r i p  m o v e s  a c r o s s  th e  c i r c l e .  (See f ig u re  2. 7(c)).
A s c h e m a t ic  d ia g r a m  of the  a p p a r a tu s  u se d  f o r  d e te r m in in g
/■
th e  sh a p e  of the  d i s c h a r g e  i s  show n in  f ig u re  2. 8. Tw o p h o to m u l t ip l ie r s  
look down on th e  d i s c h a r g e  th ro u g h  " P e r s p e x "  l igh t p ip e s .  T h e  s ig n a l  
f r o m  th e  " u p s t r e a m "  p h o to m u l t ip l ie r  (P h o to m u l t ip l ie r  A) i s  fed  in to  
th e  " t r i g g e r "  inpu t of th e  c a th o d e  r a y  o s c i l lo s c o p e .  T h e  v iew in g  ho le  
of th e  o th e r  p h o to m u l t ip l ie r  c an  be  m oved  a c r o s s  the  gap b e tw e e n  th e  
e l e c t r o d e s  ( i . e .  , p e r p e n d ic u la r  to  th e  d i r e c t io n  of m o tio n  of the  d i s ­
c h a r g e )  by m e a n s  of an  8 B .A .  le a d  s c r e w .  T h e  s ig n a l  f ro m  th i s  
p h o to m u l t ip l ie r  (P h o to m u l t ip l ie r  B) i s  d isp la y e d  on th e  o s c i l lo s c o p e .
P h o to m u l t ip l i e r  A , w hich  i s  s t a t i o n a r y ,  p r o v id e s  a  t im e  
r e f e r e n c e  s ig n a l .  T h e  o s c i l lo s c o p e  t im e  b a s e  a lw ay s  s t a r t s  w hen the  
d i s c h a r g e  i s  a t a  c e r t a i n  p o s i t io n ,  i r r e s p e c t i v e  of th e  p o s i t io n  of 
P h o to m u l t ip l i e r  B . A s e r i e s  of p h o to g ra p h s  of the  o s c i l lo s c o p e  t r a c e  
a r e  ta k e n  a s  th e  v iew ing  ho le  of P h o to m u l t ip l ie r  B i s  m oved  a c r o s s  
th e  d i s c h a r g e .  T he  t im e  ta k e n  by  th e  v a r io u s  p a r t s  of th e  d i s c h a r g e  
to  m ove  f r o m  th e  d a tu m  p o s i t io n  to  the  v iew in g  hole  m ay  b e  r e a d  
f r o m  th e s e  p h o to s ,  e . g .  , th e  le ad in g  edge n e a r  th e  c a th o d e  m ay be  
u n d e r  th e  v iew in g  hole  1 m i l l i s e c  a f t e r  th e  d i s c h a r g e  is  at the  d a tu m  
p o s i t io n ;  th e  le ad in g  edge a t th e  anode 0. 5 m i l l i s e c  a f t e r  the  d i s c h a r g e
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F IG  2. 8 T H E  A PP A R A T U S USED F O R  T H E  D E T E R M IN A T IO N  
O F T H E  SH A PE O F  T H E  DISCHARGE (SCHEM ATIC)
c B e a r in g
D D is c h a rg e
E E le c t r o d e s
K K n u rled  knob
MC - M oveable  c a r r i a g e
N F ix e d  nut
P " P e r s p e x "  l igh t p ip e s
VF F ix e d  v iew ing  ho le
VM - M oveable  v iew in g  ho le
P M  - P h o to m u l t ip l ie r .
---- VM




FIG 2 8 THE APPARATUS USED FOR THE DETERM IN­
ATION OF THE SHAPE OF THE DISCHARGE
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i s  a t  th e  d a tu m  p o s i t io n .  T h is  sh o w s  th a t  th e  anode  re g io n  m o v es  
ah ead  of the  c a th o d e  r e g io n .  F r o m  a know ledge of th e  v e lo c i ty  of the  
d i s c h a r g e  (ob ta ined  by m e a s u r in g  th e  t im e  the  d i s c h a r g e  t a k e s  to  
m o v e  b e tw e e n  th e  v iew ing  h o le s  T r  ^ , o r  th e  t im e  th e  d i s c h a r g e  ta k e s  
to  m o v e  a ro u n d  th e  r a c e t r a c k ,  T ) the  d is ta n c e  the  anode re g io n  l i e s  
ah ead  of th e  ca th o d e  re g io n  m ay  b e  c a lc u la te d .
In a s i m i l a r  m a n n e r  d ia g r a m s  show ing  l ig h t  in te n s i ty  
c o n to u r s  - i . e .  , th e  sh ap e  of the  d i s c h a r g e  - m ay  be p r e p a r e d  f r o m  
t h e s e  p h o to g ra p h s ,  w hich  a r e  p r o f i l e s  of th e  l igh t in te n s i ty  a c r o s s  
th e  d i s c h a r g e .  T he  c o l l e c to r  c u r r e n t  of a  p h o to m u l t ip l ie r  i s  p r o p o r ­
t io n a l  to  the  in te n s i ty  of th e  l ig h t  s t r ik in g  th e  p h o to ca th o d e . No 
a t te m p t  h a s  b e e n  m ad e  to  c o r r e c t  t h e s e  pho tos  fo r  the  d i f f e r e n t  
s p e c t r a l  d i s t r ib u t io n s  of th e  l ig h t  f ro m  d i f f e r e n t  r e g io n s  of th e  
d i s c h a r g e .
B e c a u se  th e  p h o to m u l t ip l ie r  s c a n s  th e  d i s c h a r g e  a s  i t  m o v e s  
p a s t  th e  v iew ing  h o le ,  t h e s e  c o n to u r  d ia g r a m s  a r e  s t r i c t l y  not Ms n a p -  
s h o t s M of the  m oving  d i s c h a r g e ,  su ch  a s  would be ob ta in ed  f r o m  a 
h ig h - s p e e d  c a m e r a .  H o w ev er  th e  in te n s i ty  of the l ig h t  f r o m  the  
d i s c h a r g e  w as so  low th a t  th e  d i s c h a r g e  p o s s ib ly  cou ld  not have  
b e e n  r e c o r d e d  by a h ig h - s p e e d  c a m e r a ,  had  one b e e n  a v a i la b le .
F o r  th i s  r e a s o n  the  d e te r m in a t io n  of d i s c h a r g e  sh ap e  in  
th i s  m a n n e r  i s  only s a t i s f a c to r y  if .the d i s c h a r g e  does  not change  
sh ap e  a s  i t  m o v e s  a long  the  e l e c t r o d e s ,  and m o v e s  w ith  a c o n s ta n t
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v e lo c i ty ,  r a t h e r  th a n  w ith  an  i r r e g u l a r  m o tio n .  T h is  can  be  ch ec k e d  
by re m o v in g  th e  l igh t p ipe  of the  p h o to m u l t ip l ie r  f r o m  i t s  s u p p o r t ,  
and m o v in g  th e  v iew in g  h o le  b a ck  and f o r th  in  the  d i r e c t io n  of m o tio n  
of th e  d i s c h a r g e .  T he  s ta b i l i ty  of th e  s ig n a l s  on th e  o s c i l lo s c o p e  
s c r e e n ,  w h ich  sh if t  sm o o th ly  a s  th e  l ig h t  p ipe  i s  m o v e d ,  and do not 
j i t t e r  o r  change  s h a p e ,  in d ic a te s  th a t  the  d i s c h a r g e  does  not ch ange  
s h a p e ,  and m o v es  w ith  a c o n s ta n t  v e lo c i ty .
T h e r e  i s  a  s m a l l  u n c e r ta in ty  in  the  sh ap e  of the  c o n to u r  
d i a g r a m s  due to  e r r o r s  in  m ak in g  m e a s u r e m e n t s  f r o m  the  o s c i l ­
l o g r a m s .  T h e  e r r o r  i s  m ag n if ied  by n o is e  on th e  s ig n a l  f r o m  the  
p h o to m u l t ip l ie r ,  w h ich  i n c r e a s e s  th e  w id th ,  and r e d u c e s  the  s h a r p ­
n e s s  of th e  t r a c e .  F o r  s o m e  of the  l a t e r  e x p e r im e n t s  th e  n o is e  w as  
r e d u c e d  by sh u n tin g  a s m a l l  f i l t e r  c o n d e n s e r  a c r o s s  th e  inpu t of the  
o s c i l lo s c o p e .
T h e  o s c i l lo sc o p e  s c r e e n  w as p h o to g ra p h e d  by a DuMont 
T ype  302 O s c i l lo s c o p e  R e c o rd in g  C a m e r a ,  f i t te d  w ith  a P o la r o id  
L an d  b a c k .  T e n  e x p o s u r e s  could  be a c c o m m o d a te d  on tw o f r a m e s  
of th e  f i lm  u s e d .  T h e  f i r s t  e x p o su re  sh o w s  th e  s ig n a l  f ro m  the  v e lo c i ty  
m e a s u r in g  p h o to m u l t ip l ie r ,  f r o m  w hich  T r  ^ o r  T r  c an  be d e te r m in e d .  
F o r  e x p o s u r e s  2 to  9, w h ich  show  the  s ig n a l  f r o m  p h o to m u lt ip l ie r  B , 
th e  v iew in g  ho le  w as  ad v an ced  by 5 t u r n s  of the  le ad  s c r e w  b e tw ee n  
e x p o s u r e s ,  m oving  f r o m  th e  "5 t u r n s "  p o s i t io n  to  the  "40 t u r n s "  
p o s i t io n .  F o r  th e  f in a l  e x p o su re  th e  v iew ing  ho le  w as  r e tu r n e d  to
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th e  ” 5 t u r n s ’* o r  ” 10 t u r n s ” p o s i t io n .  T h i s  p h o to g ra p h  w as  c o m p a r e d  
w ith  th a t  ta k e n  e a r l i e r  at th e  s a m e  p o s i t io n ,  to  c h ec k  i f  co n d i t io n s  
had ch an g ed  d u r in g  th e  m e a s u r e m e n t  to  su ch  an  e x te n t  a s  to  r e n d e r  
th is  p a r t i c u l a r  s e t  of p h o to g ra p h s  v a lu e l e s s .  In a d d i t io n  p r e s s u r e ,  
m a g n e t ic  f i e ld ,  d i s c h a r g e  v o ltag e  and T r  w e re  m o n i to r e d  b e f o r e  and 
a f te r  m e a s u r e m e n t  to  c h e c k  th a t  co n d i t io n s  had not c h an g ed  e x c e s s iv e ly  
d u r in g  th e  m e a s u r e m e n t s .
A s e r i e s  of p h o to g ra p h s  of th e  s ig n a l  f r o m  p h o to m u l t ip l ie r  B , 
f ro m  w h ich  c o n to u r  d i a g r a m s  w e re  p r e p a r e d ,  w e re  ta k e n  f o r  d i s ­
c h a r g e s  in  a i r ,  a rg o n ,  h e l iu m ,  h y d ro g e n  and a rg o n  p lu s  1 a i r .
A d i s c h a r g e  in  th i s  gas  m ix tu r e  m oved  w ith  a  c o n s ta n t  v e lo c i ty ,  w h e r e ­
as  a d i s c h a r g e  in  a rg o n  u n d e r  eq u iv a len t  co n d i t io n s  w ould  o ften  m ove 
in  an  i r r e g u l a r  m a n n e r ,  and ev en  ’’s t i c k ” .
F o r  a i r ,  a r g o n ,  h e l iu m  and th e  a r g o n / a i r  m ix tu r e ,  d e t e r m i ­
n a t io n s  of the  sh ap e  of the  d i s c h a r g e  w e re  m a d e  w ith  m a g n e t ic  f ie ld s  
b e tw e e n  5 90 and 5 ,7 0 0  g a u s s ,  and p r e s s u r e s  b e tw e e n  3. 8 and 2 4 .4  
m m . Hg. T h e  m a jo r i ty  of th e  m e a s u r e m e n t s  f o r  a r g o n ,  and  the  
a r g o n / a i r  m ix tu r e ,  w e r e  m a d e  at p r e s s u r e s  g r e a t e r  th a n  6 .8  m m .  Hg, 
and f o r  h e l iu m  at p r e s s u r e s  above 12. 9 m m . Hg. B elow  th e s e  
p r e s s u r e s ,  th e  d i s c h a r g e  b e c o m e s  e x c e s s iv e ly  n o isy .  T r ig g e r in g  
d i f f ic u l t i e s ,  and th e  no isy  s ig n a l s  f r o m  p h o to m u l t ip l ie r  B p r e v e n t  
the  c o n s t r u c t io n  of an  a c c u r a t e  c o n to u r  d ia g r a m  at t h e s e  low p r e s s u r e s .  
At p r e s s u r e s  above 25 m m . Hg, i t  w as  e x t r e m e ly  d if f icu l t  to  o b ta in  
a u s e fu l  s e r i e s  of o s c i l l o g r a m s .  A t th e s e  p r e s s u r e s  th e  m o tio n  of
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th e  d i s c h a r g e  b e c a m e  i r r e g u l a r ,  and  th e  d i s c h a r g e  te n d ed  to  e x t in ­
g u is h .  T h e  d i s c h a r g e  c u r r e n t  w as s e t  a t 5 mA o r  15 mA.
A d i s c h a r g e  th a t  m o v e s  w ith  c o n s ta n t  v e lo c i ty  in  h y d ro g e n  
c a n  b e  o b ta ined  only a t  low p r e s s u r e s  and m a g n e t ic  f ie ld s .  Indeed  
i t  i s  d if f icu l t  to  e s t a b l i s h  a  d i s c h a r g e  in  h y d ro g e n  at h ig h e r  p r e s s u r e s  
and m a g n e t ic  f i e ld s .  F o r  th i s  r e a s o n ,  m e a s u r e m e n t s  w e re  m a d e  in  
h y d ro g e n  only in  f ie ld s  of 320 and 590 g a u s s ,  a t p r e s s u r e s  b e tw een  
0. 8 and 2. 7 m m . Hg. At p r e s s u r e s  be low  0. 8 m m . Hg th e  d i s c h a r g e  
i s  not c o n s t r i c t e d ,  b u t  c o n t in u o u s ,  i . e .  , i t  o c c u p ie s  th e  e n t i r e  s p a c e  
b e tw e e n  th e  e l e c t r o d e s ,
F i g u r e s  2. 9 and  2 .1 1  show  o s c i l l o g r a m s  ob ta in ed  d u r in g  tw o 
d e t e r m in a t io n s  of th e  sh a p e  of th e  d i s c h a r g e ,  and f ig u r e s  2. 10 and 
2. 12 c o n to u r  d i a g r a m s  p r e p a r e d  f r o m  th e s e  o s c i l l o g r a m s .  O th e r  
c o n to u r  d i a g r a m s  a r e  show n in  A ppendix  1.
F r o m  t h e s e ,  and s i m i l a r  d i a g r a m s ,  th e  fo llow ing o b s e r v a t io n s  
w e re  m a d e .
1. T h e  anode  r e g io n  le a d s  the  c a th o d e  re g io n  in  a l l  th e  g a s e s  
s tu d ie d .
T h e  s lo p e  of th e  le ad in g  edge of the  d i s c h a r g e  g iv e s  a 
m e a s u r e  of the  d e g r e e  to  w h ich  the  anode re g io n  le a d s  the  c a th o d e  
re g io n .  It i s  d if f icu l t  to  g ive  a  de fin i t io n  of s lo p e  th a t  can  s a t i s f a c ­
to r i ly  be  u sed  w ith  a l l  c o n to u r  d i a g r a m s .  T h e  le ad in g  edge  of the
d i s c h a r g e  i s  not s t r a ig h t ;  th e  sh ap e  of the  d i s c h a r g e , and the  r e l a t i v e
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FIGS 2. 9 and 2. 10 T H E  SHAPE O F A DISCHARGE AT
LOW P R E S S U R E
G as
G as  p r e s s u r e  
M agnetic  f ie ld  
D is c h a rg e  c u r r e n t
- a rg o n  w ith  1. 6% a i r
- 10. 1 m m . Hg
- 5 90 g a u ss
- 5 mA,
FIG  2. 9 OSCILLOGRAM S F R O M  WHICH TH E SH A PE OF T H E  
DISCHARGE WAS D E T E R M IN E D
E l e c t r o n  b e a m  m o v e s  f r o m  le f t  to  r ig h t  of photo.
F r a m e Signal T im e  b a s e V e r t i c a l  S e n s i t iv i ty
1 V elo c ity  s ig n a l 1 m s e c / c m 2 v o l t / c m
2 D is c h a rg e  p ro f i le  5 tn s 0 . 1 m  s e c / c m 0. 2 v o l t / c m
3 i t 10 tn s i t 11
4 i t 15 tn s i i i t
5 i i 20 tn s i i 0. 1 vo lt / cm
6 i t 25 tn s i i 11
7 i i 30 tn s i t i i
8 t i 35 tn s i i i t
9 11 40 tn s i t i i
10 C h eck  photo 10 tn s t i 0. 2 v o l t / c m
FIG 2. 10 T H E  SH A PE O F THE DISCHARGE
L ig h t in te n s i ty  c o n to u rs :  a r b i t r a r y  u n i ts  - th e  output of the  
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FIGS 2. 11 and  2. 12 T H E  SH A PE O F A DISCHARGE AT
HIGH PR E S SU R E
G as
G a s  p r e s s u r e  
M ag n e tic  f ie ld  
D is c h a r g e  c u r r e n t
a rg o n  w ith  1. 5% a i r  
23. 3 m m . Hg 
2 ,1 6 0  g a u ss  
5 m A .
FIG  2. 11 O SC IL LO G RA M S F R O M  WHICH T H E  SH A PE  OF T H E
DISCHARGE WAS D E T E R M IN E D
E l e c t r o n  b e a m  m o v e s  f r o m  le f t  to  r ig h t  of photo .
F r a m e S ignal
1 D is c h a r g e  p ro f i l e 0 tn s
2 i i 5 tn s
3 i t 10 tn s
4 t i 15 tn s
5 t i 20 tn s
6 t i 25 tn s
7 i i 30 tn s
8 i t 35 tn s
9 i i 40 tn s
10 C h ec k  photo 5 tn s
T im e  b a s e  V e r t i c a l  S e n s i t iv i ty  
0. 05 m s e c / c m  0. 2 v o l t / c m
FIG  2. 12 T H E  SH A PE  O F TH E DISCHARGE
L ig h t  in te n s i ty  c o n to u rs :  a r b i t r a r y  u n i t s  - th e  output of the  
p h o to m u l t i p l i e r  in  m i l l i v o l t s .




i n t e n s i t i e s  of v a r io u s  p a r t s  of th e  d i s c h a r g e  m ay  be  m u c h  d i f f e r e n t  
fo r  d i s c h a r g e s  ru n n in g  u n d e r  d i f f e r e n t  c o n d i t io n s .  T h e  fo llow ing 
a r b i t r a r y  d e f in i t io n  of s lo p e  w ill  be u s e d  in  r e l a t io n  to  th e  w o rk  
d e s c r ib e d  in  th i s  s e c t io n :  T h e  s lo p e  i s  th e  ang le  b e tw e e n  a l in e  
p e r p e n d i c u l a r  to  th e  edge of th e  e l e c t r o d e ,  and th e  l in e  jo in ing  po in ts  
on a s u i ta b le  c o n to u r  a t  th e  "10 t u r n s "  and  "30 t u r n s "  p o s i t io n s .
T h is  d e f in i t io n  is  d e m o n s t r a t e d  in  f ig u re  2. 13. T he  s u i ta b le  c o n to u r  
is  g e n e r a l ly  th e  lo w e s t  c o n to u r ,  a lthough  a h ig h e r  c o n to u r  w ill  be  
c h o se n  i f  t h i s  does  not have  a s lo p e  and sh ap e  s i m i l a r  to  th a t  of th e  
o th e r  le ad in g  edge c o n to u r s .  T h e  "10 t u r n s "  and "30 t u r n s "  p o s i t io n s  
w e re  c h o se n  a s  p o in ts  c lo s e  to  th e  ed g es  of th e  e l e c t r o d e s .
T h e  s lo p e  of the  le a d in g  edge  i s  g r e a t e s t  f o r  a r g o n ,  and the  
a r g o n / a i r  m ix tu r e ,  F o r  th e  a i r  d i s c h a r g e ,  w h e re  th e  s lo p e  i s  not 
so  g r e a t ,  bu t the  d i s c h a r g e  n a r r o w e r ,  th e  s e p a r a t i o n  of th e  anode 
and ca th o d e  re g io n s  i s  m o s t  s t r ik in g  (see  f ig u re  A l .  1, A ppendix  1). 
T h e r e  i s  no doubt about th e  anode re g io n  le ad in g  the  ca th o d e  re g io n  
fo r  a i r ,  a r g o n ,  and the  a r g o n / a i r  m ix tu r e .  M e a s u r e m e n ts  w ith  
h e l iu m  and h y d ro g e n  a r e  not so  c o n c lu s iv e .  Not only i s  the  s lo p e  
l e s s ,  bu t u n c e r t a in t i e s  in  th e  m e a s u r e m e n t s  w e re  m u ch  g r e a t e r  fo r  
t h e s e  g a s e s .  T h e  d i s c h a r g e s  w e re  m uch  b r o a d e r ,  so  th a t  w hen  th e  
p u ls e  f ro m  p h o to m u l t ip l ie r  B w as s q u e e z e d  on to  th e  o s c i l lo s c o p e  
s c r e e n ,  th e  le ad in g  edge r e g io n  o ccu p ied  only a s m a l l  f r a c t io n  of 
th e  s c r e e n ,  i n c r e a s i n g  th e  e r r o r s  in  m e a s u r e m e n t  f r o m  an  a l r e a d y







































2. T h e  s lo p e  of th e  d i s c h a r g e  in  th e  a r g o n / a i r  m ix tu r e  i n c r e a s e s  
a s  th e  m a g n e t ic  f ie ld  i n c r e a s e s .  T h is  i s  d e m o n s t r a t e d  in  T a b le  2. 1, 
in  w h ich  a r e  ta b u la te d  s lo p e s  ob ta in ed  f ro m  c o n to u r  d i a g r a m s  fo r
g a s  d i s c h a r g e s  in  th i s  m ix tu r e .  T h e  tw o v a lu e s  of s lo p e  g iven  in  
th i s  ta b le  a r e  th e  m a x im u m  and m in im u m  v a lu e s  c a lc u la te d  fo r  the  
s lo p e ,  w hen  a l lo w an ce  i s  m a d e  f o r  the  e s t im a te d  e r r o r s  in  tak ing  
r e a d in g s  f r o m  th e  p ro f i l e  o s c i l l o g r a m s .
Not enough d a ta  i s  a v a i la b le  to  c o m e  to  any c o n c lu s io n  
r e g a r d in g  th e  v a r i a t i o n  of s lo p e  w ith  m a g n e t ic  f ie ld  in  th e  o th e r  g a s e s .
3. N oth ing  c o n c lu s iv e  c an  be s a id  about th e  v a r i a t io n  of th e  
s lo p e  of th e  d i s c h a r g e  w ith  p r e s s u r e ,  ex cep t  th a t  i t  te n d s  to  b e  i n d e ­
p en d en t of p r e s s u r e  (see  ta b le  2. 1).
T h e  a p p e a r a n c e  of a  d i s c h a r g e  in  th e  a r g o n / a i r  m ix tu r e  c h an g es  
qu ite  m a rk e d ly  w ith  p r e s s u r e .  T h i s  i s  d e m o n s t r a t e d  in  f ig u r e s  2 .1 0  
and 2. 12. At low p r e s s u r e s  a l in e  th ro u g h  the  p o in ts  of th e  m a x im u m  
in te n s i ty  in  th e  p o s i t iv e  c o lu m n  of th e  d i s c h a r g e  ( i . e .  , th e  p e a k s  of 
th e  p ro f i le  p h o to g ra p h s )  t e n d s  to  b e  p e r p e n d ic u la r  to  th e  e l e c t r o d e s .
T h e  c e n t r e s  of the  b r ig h t  r e g io n s  in  th e  v ic in i ty  of the  e l e c t r o d e s ,  
w hich  a r e  a s s u m e d  to  c o r r e s p o n d  to  th e  anode  glow and th e  n e g a t iv e  
g low , lie  on e i th e r  s id e  of th i s  l in e .  T h e  ed g es  of the  d i s c h a r g e  
(the lo w e s t  c o n to u rs )  a r e  f a r  f r o m  s t r a ig h t .  (See f ig u re  2. 10).
At h igh p r e s s u r e s ,  th e  g low ing re g io n s  above th e  e l e c t r o d e s  
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w hich  i s  now at an an g le  to  th e  p e r p e n d ic u l a r .  T he  g low ing  re g io n s  
a r e  s m a l l e r  th a n  a t lo w e r  p r e s s u r e s ,  and th e  c o n to u rs  te n d  to  be  
s t r a ig h t  and p a r a l l e l .  T h i s  i s  sh o w n  in  f ig u re  2. 12.
4. T h e  s lo p e  d o e s  not r e s u l t  f ro m  th e  c a th o d e  r e g io n  lagg ing  
beh ind  the  anode  r e g io n  b e c a u s e  i t  h a s  a  lo n g e r  p a th  o v e r  w h ich  to  
t r a v e l .  E x p e r im e n t s  w ith  th e  p o la r i ty  of the  c e n t r e  e l e c t r o d e  r e v e r s e d ,  
(the i n n e r  e le c t r o d e  b e c o m in g  th e  c a th o d e )  g ive c o n to u r  d ia g r a m s  th a t  
show  th a t  th e  anode re g io n  s t i l l  l e a d s  th e  ca th o d e  r e g io n ,  the  sh ap e  
be in g  th e  s a m e  a s  f o r  th e  m e a s u r e m e n t s  m ad e  w ith th e  o u te r  e le c t r o d e  
th e  c a th o d e .  If the  p a th  len g th  w as  an im p o r ta n t  f a c t o r , t h e  ca thode  
re g io n  would be  e x p e c te d  to  le ad  th e  anode re g io n  w hen  th e  p o la r i ty  
w as r e v e r s e d .
5. T h e  w id th  of the  d i s c h a r g e  (in the  d i r e c t io n  of m o tio n  of the  
d i s c h a rg e )  a s  o b s e r v e d  f r o m  the  c o n to u r  d i a g r a m s ,  d e c r e a s e s  a s  the  
p r e s s u r e  i n c r e a s e s .  H o w e v e r ,  i t  d o e s  not change  s ig n if ic a n t ly  as  the 
m ag n e t ic  f ie ld  i n c r e a s e s ,  ev en  a t th e  lo w e s t  p r e s s u r e s ,  w h e re  the
T .  M .F .  w ill  h av e  i t s  g r e a t e s t  e f fe c t  on the  b e h a v io u r  of the  d i s c h a r g e .
6. T he  h ig h e r  th e  m a g n e t ic  f i e ld ,  th e  n o i s i e r  th e  l ig h t  s ig n a ls  
f ro m  th e  p h o to m u l t ip l ie r s .
2 .5  CONCLUSIONS
T he m o r e  im p o r ta n t  c o n c lu s io n s  r e s u l t in g  f r o m  th e  w o rk  
d e s c r ib e d  in  t h i s  C h a p te r  a r e :
(1) T he  anode  re g io n  of th e  d i s c h a r g e  le a d s  th e  ca th o d e  re g io n ,
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th e  s lo p e  i n c r e a s i n g  a s  th e  m a g n e t ic  f ie ld  i n c r e a s e s .
(2) T h e  ca th o d e  r e g io n  of th e  d i s c h a r g e  p ro b a b ly  c o n t r o l s  th e  
v e lo c i ty  of the  d i s c h a r g e .  (The s tu d y  of th e  in f lu en c e  of th e  ca th o d e  
re g io n  on th e  m o tio n  of the  d i s c h a r g e  w ill  be  f u r t h e r  p u r s u e d  w ith  th e  
d i s c h a r g e  c h a m b e r  d e s c r ib e d  in  s e c t io n  3 .1 .  1).
(3) T h e  r e p r o d u c e a b i l i t y  of e x p e r im e n t a l  r e s u l t s  i s  s t ro n g ly  
in f lu e n c e d  by g a s  p u r i t y ,  and the  c o n d it io n  of the  s u r f a c e s  of the
e l e c t r o d e s .
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C h a p te r  3
T H E  E F F E C T  O F T H E  L E N G T H  O F TH E DISCH A RG E,
AND T H E  E L E C T R O D E  G E O M E T R Y , ON TH E MOTION O F
T H E DISCHARGE
A d e m o u n ta b le  d i s c h a r g e  c h a m b e r  in  w hich  e l e c t r o d e s  of 
d i f f e r e n t  s i z e s  and s h a p e s  cou ld  be  r e a d i ly  in s ta l le d  w as  d e s ig n e d  
in  o r d e r  to  a s c e r t a i n  the  e ffec t  of v a ry in g  the  len g th  of th e  d i s c h a r g e  , 
th e  d i a m e t e r  and sh ap e  of the  e l e c t r o d e s ,  and th e  m a t e r i a l  f r o m  w hich  
th e y  a r e  c o n s t r u c te d ,  on th e  m o tio n  of th e  d i s c h a r g e .  A t te m p ts  w e r e  
m a d e  to  in c o r p o r a t e  in  the  d e s ig n  of th e  c h a m b e r  im p r o v e m e n ts  s u g ­
g e s te d  by th e  e x p e r im e n t s  w ith  th e  " R a c e t r a c k "  c h a m b e r ,  d e s c r ib e d  
in  C h a p te r  2. T h e  e x p e r im e n t s  d e s c r ib e d  in  th is  c h a p te r ,  h o w e v e r ,  
a r e  in  no m a n n e r  the  " u l t im a te ” e x p e r im e n t s  a s  f a r  a s  gas  p u r i ty  and 
e le c t r o d e  c l e a n l in e s s  a r e  c o n c e r n e d .
T h i s  c h a p te r  a lso  d e s c r i b e s  a  s tudy  (involv ing  th e  s a m e  d i s ­
c h a rg e  c h a m b e r )  of a  s h a r p  change  in  th e  n a tu re  of th e  m o tio n  of the  
d i s c h a r g e  th a t  o c c u r s  w hen COT f o r  e l e c t r o n s  i s  of th e  o r d e r  of 1 
( CO - e l e c t r o n  c y c lo t ro n  a n g u la r  f r e q u e n c y .  T - m e a n  t im e  b e tw e e n  
c o l l i s io n s  of an e l e c t r o n  w ith  a n e u t r a l  m o le c u le ) .
3. 1 T H E  E X P E R IM E N T A L  A P P A R A T U S
3. 1. 1 T h e  d i s c h a r g e  c h a m b e r
A p h o to g ra p h  of th i s  c h a m b e r  - the  Mk. II c h a m b e r  - i s  
show n in  f ig u re  3. 1 and a d ra w in g  show ing  th e  m o re  im p o r ta n t
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d im e n s io n s ,  in  f i g u r e  3 .2 .  A c i r c u l a r  e l e c t r o d e  g e o m e t ry  w as 
c h o s e n  f o r  e a s e  of m a ch in in g  th e  e l e c t r o d e s  and a d ju s tm e n t  fo r  a 
c o n s ta n t  d i s c h a r g e  gap . T he  e x p e r im e n ta l  r e s u l t s  m a y  be  r e a d i ly  
i n t e r p r e t e d  if  t h i s  s im p le  g e o m e t ry  i s  u s e d .
T h e  o u t e r  w a ll  of the  c h a m b e r ,  1" h ig h , w as  m a ch in ed
f r o m  7" o . d .  b r a s s  tu b in g .  G la s s  c o v e r  p l a t e s ,  t h ic k  w e re
1  "s e a le d  to  th e  to p  and b o t to m  of th e  w a ll  b y __  d i a m e t e r  O - r i n g s .
16
T h e  c o v e r  p la t e s  and th e  o u te r  w a ll  a r e  s an d w ich ed  t o g e th e r  by 
b r a s s  c la m p in g  r i n g s .  T h e  f la t  g la s s  c o v e r s  en ab le  th e  v iew ing  
h o le s  of th e  l igh t d e te c t io n  e q u ip m en t to  be  p o s i t io n e d  o v e r  any 
p a r t  of th e  d i s c h a r g e  g ap . T h i s  f e a tu r e  e n a b le s  th e  sh a p e  of the  
d i s c h a r g e  to  b e  d e te r m in e d  by th e  m e th o d  d e s c r ib e d  in  s e c t io n  2 .4 .
T h e  e l e c t r o d e s  u s e d  f o r  th e  m a jo r i ty  of the  e x p e r im e n t s  
w e re  d e e p ,  w ith  r a d i i  m a c h in e d  on th e  e d g es  a lo n g  w hich  the  
d i s c h a r g e  w ill  ru n .  T h e s e  a r e  show n in  f ig u re  3 .2 .  T h e  o u te r  
e l e c t r o d e s  a r e  s c r e w e d  to  a  b r a s s  r in g  h a r d  s o ld e r e d  to  th e  in s id e  
of th e  o u te r  w a l l .  A r a i s e d  s te p  a t  the  o u ts id e  of th i s  e l e c t r o d e ,  
th e  s a m e  s iz e  a s  th e  m o u n tin g  r in g ,  g iv e s  an e l e c t r o d e  g e o m e t r y  
th a t  i s  s y m m e t r i c a l  about th e  m id  p lan e  of th e  e l e c t r o d e s ,  out to  
th e  edge  of th e  e l e c t r o d e s .  (T h is  r in g  a lso  s h ie ld s  th e  p u m p in g  
p o r t s  f r o m  th e  d i s c h a r g e  r e g io n .  ) T h e  in n e r  e l e c t r o d e  c o n s i s t s  of 
a  th ic k  c o p p e r  d isk ,  and  a m a s s iv e  c e n t r e  p o s t  (of 2" d i a m e t e r  
f o r  m o s t  e x p e r im e n t s ) .  T h i s  e l e c t r o d e  h e lp s  to  hold  th e  g a s  in  the
FIG  3.
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MK II CH AM BER - D ET A ILS O F CONSTRUCTION
A - G la s s  c o v e r  p la te s .
C - C lam p in g  r in g s .
D - D is c h a rg e  gap.
E - E l e c t r o d e s .
G - G as  in le t  and o u t le t  l in e s .
O - O - r i n g  g ro o v e s .
P - M ain pum ping  l in e .
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d i s c h a r g e  c h a m b e r  down to  a t e m p e r a t u r e  not g re a t ly  in  e x c e s s  of 
ro o m  t e m p e r a t u r e  by v i r t u e  of i t s  l a r g e  h e a t  c a p a c i ty ,  and th e  
l a r g e  a r e a  th ro u g h  w hich  h e a t  m ay  be  t r a n s f e r r e d  to  th e  s u r r o u n d in g  
a t m o s p h e r e .  T h e  c e n t r e  p o s t  p r o v id e s  a  s u p p o r t  f o r  the  c e n t r e  of 
th e  g la s s  c o v e r  p la t e s .  O - r i n g s  s e t  in  g ro o v e s  at th e  top  and  b o t to m  
of th e  o u te r  w a ll  p ro v id e  v a cu u m  s e a l s ,  and a c u sh io n  f o r  the  g la s s  
p l a t e s .  T h e  c u sh io n  r e d u c e s  th e  s t r e s s e s  th a t  would bu ild  up  if  the  
g la s s  p la te s  w e re  su p p o r te d  on a  r ig id  ed g e . T h e  e l e c t r o d e s  w e re  
a d ju s te d  f o r  c o n c e n t r ic i ty  by m e a n s  of a  r e m o v a b le  a n n u la r  s p a c in g  
r in g  c o n s t r u c te d  of " B a k e l i te " .
A s h o r t  f la t  r e c t a n g u la r  pum ping  l in e  ( c r o s s - s e c t i o n  2-f-" x 
f " )  le a d s  f r o m  th i s  c h a m b e r  to  th e  m a in  p u m ping  l in e .  I t sh o u ld  be  
no ted  t h a t ,  even  though  th is  l in e  i s  p a r t i a l ly  b lo ck ed  by  th e  o u te r  
e l e c t r o d e ,  th e  co n d u c tan ce  i s  m u ch  g r e a t e r  th a n  th a t  of th e  pu m p in g  
line  in to  th e  " R a c e t r a c k "  c h a m b e r ,  f "  o .d .  b r a s s  tub ing  t a k e s  th e  
gas  in to ,  and f r o m ,  th e  d i s c h a r g e  c h a m b e r .
T h i s  c h a m b e r  i s  an  im p r o v e m e n t  on th e  " R a c e t r a c k "  c h a m b e r
b e c a u s e :
(1) T h e  pum ping  line  i s  d e s ig n e d  to  have  a h igh  c o n d u c ta n c e ,  
f a c i l i ta t in g  th e  r a p id  r e m o v a l  of gas  and v a p o u r  f r o m  the  d i s c h a r g e  
c h a m b e r .
(2) T h e  c o v e r  p la te s  a r e  of g l a s s ,  not " P e r s p e x " .
(3) T h e  g e o m e try  i s  " c l e a n " .  T h e r e  a r e  no p r o j e c t i o n s ,
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i r r e g u l a r i t i e s ,  o r  s o ld e r e d  jo in s  in  the  v ic in i ty  of the  d i s c h a r g e  gap .
3. 1. 2 T h e  v a c u u m  s y s te m
T h e  v a c u u m  s y s t e m ,  show n s c h e m a t ic a l ly  in  f ig u r e  3. 3, 
i s  s u b s ta n t ia l ly  th a t  u s e d  fo r  th e  " R a c e t r a c k ” e x p e r im e n t s .  (See 
s e c t io n  2 . 1 . 4 ) .  A d d it io n s  to  the  s y s te m  a r e :
(1) T w o io n iz a t io n  gauge h e a d s ,
(2) A co ld  t r a p  above the  d iffu s io n  p u m p , and
(3) A co ld  t r a p  p ack ed  w ith  L in d e  T y p e  4A " M o le c u la r  S ie v e "
(an a r t i f i c i a l  z e o l i t e ) ,  th a t  i s  u s e d  to  p u r ify  th e  gas  p r i o r  to  e n te r in g  
th e  d i s c h a r g e  c h a m b e r .
T h e  g a s  i s  s t i l l  p a s s e d  co n tin u o u s ly  th ro u g h  the  c h a m b e r
w hile  e x p e r im e n t in g ,  bu t a long  a s l ig h t ly  d i f f e r e n t  pa th .
Io n iz a t io n  gauge  No. 1 (IG 1), above th e  d if fu s io n  pum p
“  6cold  t r a p ,  g iv e s  a  b a s e  p r e s s u r e  r e a d in g  of a p p ro x im a te ly  10 m m .H g .
Io n iza tio n  gauge N o. 2 (IG 2), w h ich  i s  n e a r  th e  o il  m a n o m e te r  a long
a p p ro x im a te ly  one foot of n a r r o w  ( f "  o . d . ) tu b in g  f r o m  th e  d i s c h a r g e
-5
c h a m b e r ,  g iv e s  a b a s e  p r e s s u r e  re a d in g  of a p p ro x im a te ly  10 m m .H g .
T h e  le v e l  of the  l iq u id  a i r  in  th e  d iffu s io n  pum p co ld  t r a p  
w as m a in ta in e d  a t a  c o n s ta n t  v a lu e  by m e a n s  of a  liqu id  a i r  le v e l  
c o n t r o l l e r  d e v e lo p e d  in  th i s  l a b o r a to r y .  T h is  liqu id  a i r  le v e l  c o n ­
t r o l l e r  i s  d e s c r ib e d  in  A ppend ix  2.
T h e  gas  u s e d  fo r  th e s e  e x p e r im e n t s  w as  d r ie d  by p a s s in g  
th ro u g h  " M o le c u la r  S ie v e " ,  and th e n  t r e a t e d  a s  fo llow s:
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Mk II c h a m b e r .
M ain b a ck in g  pum p.
B ack in g  pum p  f o r  e v ac u a t in g  " r e f e r e n c e "  
a r m  of th e  oil m a n o m e te r .
M ain co ld  t r a p .
B ack in g  l in e  co ld  t r a p .
G as  d ry in g  tube  - p ack ed  w ith  L inde  
" M o le c u la r  S ie v e " .
D iffu s io n  pum p.
G as  c y l in d e r .
Io n iz a t io n  gauge h e a d s .
M ain pum ping  l in e .
N eed le  v a lv e .  G as  i s  le ak e d  in to  the  s y s te m  
th ro u g h  th i s  v a lv e .
O il M a n o m e te r .
P i r a n i  gau g e .
S o rp t io n  t r a p  - a  cold  t r a p  p ack e d  w ith  
" M o le c u la r  S ie v e " .
Safety  v o lu m e .  P r e v e n t s  b a ck in g  pum p oil 
su ck in g  b a c k  in to  th e  s y s t e m  in  th e  even t of 
a p o w e r  f a i lu r e .
V acuum  ta p s  (T3 - b a ff le  va lv e  above  
d if fu s io n  pum p).
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A rg o n ,  h e l iu m ,  h y d ro g e n  w e r e  p a s s e d  th ro u g h  " M o le c u la r  
S ie v e "  co o led  to  l iqu id  a i r  t e m p e r a t u r e .  " M o le c u la r  S ie v e " ,  l ik e  
a c t iv a te d  c h a r c o a l ,  a d s o r b s  m o s t  g a s e s  s t ro n g ly  when c o o led  to  
l iq u id  a i r  t e m p e r a t u r e  (B r 56, E l  61). H y d ro g en  and h e l iu m  a r e  not 
a d s o r b e d ,  so  th a t  th e s e  g a s e s  m ay  be  p u r i f ie d  to  so m e  ex ten t  by 
p a s s in g  th ro u g h  c h i l le d  " M o le c u la r  S ie v e " .  A rg o n  i s  only s l ig h t ly  
a d s o r b e d  by th e  " M o le c u la r  S ie v e " ,  so  th a t  th i s  gas  m ay be s a t i s ­
f a c to r i ly  p u r i f ie d  by th i s  m e th o d .
N i t ro g e n  w as  o b ta in ed  f r o m  a c y l in d e r  of i n d u s t r i a l  g r a d e  
" D ry ,  O x y g e n - F r e e  N i t r o g e n " ,  a v e ry  p u re  g a s  th a t  c o n ta in s  l e s s  
th a n  25 p .p .  m . of im p u r i t i e s  w hen d r y .  W a te r  i s  the  m a in  im p u r i t y .  
It i s  e s t im a te d  th a t  the  w a te r  le v e l  i s  r e d u c e d  f r o m  a p p ro x im a te ly  
0. 025% (the a v e r a g e  le v e l)  to  s u b s ta n t ia l ly  l e s s  th a n  th a t  of th e  o th e r  
im p u r i t i e s  by p a s s in g  o v e r  the  d ry in g  bed  of " M o le c u la r  S ie v e " ,  so  
th a t  no a d d it io n a l  t r e a t m e n t  w ill  be r e q u i r e d .
T h e  im p u r i ty  le a k  r a t e  w as in i t ia l ly  su ch  th a t  th e  p e r c e n ta g e  
of im p u r i ty  in  the e x p e r im e n ta l  g a s  th a t  r e s u l t s  f ro m  le a k s ,  bo th  
v i r t u a l  and r e a l ,  w as b e tw e e n  0 .02%  and 0. 05%. H ow ever d u r in g  
th e  c o u r s e  of the  e x p e r im e n t s  a  s m a l l  le a k  w as  lo c a te d .  On s e a l in g  
th is  l e a k ,  th e  le a k  r a t e  fe l l  so  th a t  th e  im p u r i ty  le v e l  fe l l  be low  
0. 02%, b e in g  below  0. 01% fo r  th e  m a jo r i ty  of the  e x p e r im e n t s .
T h e s e  l a t t e r  e x p e r im e n t s  in c lu d e  a l l  th o s e  in  w hich  the  d i s c h a r g e  
r u n s  in  n i t r o g e n ,  w ith  th e  e x ce p t io n  of th o s e  w h e re  th e  d i s c h a r g e
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r u n s  b e tw e e n  e l e c t r o d e s  of 1 1 .3  c m .  and 14. 0 c m .  d i a m e te r .
3 . 1 . 3  T h e  p o w er  s u p p ly , th e  m a g n e t  and the  v e lo c i ty  
m e a s u r in g  eq u ip m en t
T h e s e  a r e  a l l  s u b s ta n t ia l ly  a s  th ey  w e re  fo r  the  e x p e r im e n t s  
d e s c r ib e d  in  C h a p te r  2. The p o w e r  su pp ly  i s  e l e c t r i c a l l y  th e  s a m e  
as  th a t  d e s c r ib e d  in  s e c t io n  2 .1 .  2, H o w ev e r  th e  supply  h a s  b e e n  
m o d if ied  so  th a t  o u tpu ts  of both  p o l a r i t i e s  a r e  a v a i la b le .  T h is  i s  
n e c e s s a r y  i f  th e  p o la r i ty  of the  c e n t r e  e le c t r o d e  of th e  d i s c h a r g e  
c h a m b e r  i s  to  be  r e v e r s e d ,  b e c a u s e  th e  c o n s t r u c t io n  of the  c h a m b e r  
i s  s u c h  th a t  the  o u te r  e le c t ro d e  m u s t  be  a t  e a r th  p o te n t ia l .
T h e  p h o to m u l t ip l ie r  of th e  ligh t d e te c t io n  eq u ip m e n t  looks  
down on th e  d i s c h a r g e  th ro u g h  a  s in g le  v iew in g  h o le ,  r a t h e r  th an  
th ro u g h  tw o v iew ing  h o le s  as  w as  the  c a s e  w ith  the  l igh t d e te c t io n  
eq u ip m e n t  u s e d  fo r  the  m a jo r i ty  of the  e x p e r im e n t s  w ith  the  " R a c e ­
t r a c k "  c h a m b e r .  T h e  r e s o lu t io n  of the  l ig h t - d e te c t io n  eq u ip m e n t  
i s  s o m e w h a t  l e s s  th an  th a t  of th e  e q u ip m e n t  d e s c r ib e d  in  s e c t io n  
2. 1. 5, th e  d i a m e t e r  of the  c i r c l e  of r e s o lu t io n  b e in g  6. 25 m m . in  
th e  f o r m e r  c a s e ,  a s  c o m p a r e d  w ith  4. 8 m m . in  th e  l a t t e r  c a s e .
T h is  r e s u l t s  b e c a u s e  th e  v iew ing  h o le s  a r e  f u r t h e r  f r o m  the  m i d ­
p lan e  of th e  d i s c h a r g e  with the  p r e s e n t  e x p e r im e n ta l  e q u ip m e n t ,  
th a n  they  w e re  w ith  the  e q u ip m en t u s e d  w ith  the  " R a c e t r a c k "  c h a m b e r .  
T h e  d i s c h a r g e  ru n s  f u r th e r  be low  the  c o v e r  of the  Mk. II c h a m b e r  
th a n  i t  d id  in  th e  ' 'R a c e t r a c k ” c h a m b e r ,  and , to  s im p lify  th e  d e s ig n  
of the  l ig h t  d e te c t io n  e q u ip m e n t ,  i t  w as  n e c e s s a r y  to  a r r a n g e  th e
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l ig h t  p ip e s  so  th a t  th e  v iew ing  h o le s  w e re  a p p ro x im a te ly  f "  above  
th e  c o v e r  p la t e .  T h e  in te n s i ty  of the  l ig h t  fa l l in g  on the  p h o to m u l t i ­
p l i e r  tu b e s  w as s u c h  th a t  a t t e m p ts  to  i n c r e a s e  the  r e s o lu t io n  by 
d e c r e a s i n g  th e  s i z e  of th e  v iew ing  h o le s  would re d u c e  the  a m p l i tu d e  
of th e  s ig n a l s  f r o m  th e  p h o to m u l t ip l ie r  to  su ch  an ex ten t  th a t  n o is e  
could  b e c o m e  a p r o b l e m ,  and d iff icu lty  would be e x p e r ie n c e d  in  
t r i g g e r i n g  th e  o s c i l lo s c o p e .
3. 2 L A C K  OF R E P R O D U C E A B IL IT Y  - F U R T H E R  OBSERVATIONS
T h e  r e s u l t s  a r e  not r e p r o d u c e a b le .  In d eed  t h e r e  h a s  b e e n  
l i t t l e  im p r o v e m e n t  in  th e  r e p e a ta b i l i ty  of the  r e s u l t s  c o m p a r e d  w ith  
th o s e  o b ta in ed  f r o m  e x p e r im e n t s  w ith  the  ’'R a c e t r a c k "  c h a m b e r .  
H o w e v e r ,  in  sp i te  of t h i s  d iff icu lty  v a lu a b le  o b s e r v a t io n s  cou ld  be  
m ad e  f r o m  th e  r e s u l t s  of e x p e r im e n t s  w ith  th i s  c h a m b e r .  M ost of 
th e  m e a s u r e m e n t s  w e re  m ade  a t  f ixed  m a g n e t ic  f ie ld  and d i s c h a r g e  
c u r r e n t ,  th e  p e r io d  of r o ta t io n ,  T  , b e in g  m e a s u r e d  a s  a  fu n c tio n  
of g a s  p r e s s u r e .
T h e  fo llow ing  p r o c e d u r e  w as adop ted  when m ak in g  m e a s u r e  
m e n t s ,  in  o r d e r  to  o b ta in  s ig n if ic a n t  r e s u l t s  f r o m  th is  w o rk :
E a c h  " r u n "  c o n s i s t s  of a  s e r i e s  of m e a s u r e m e n t s  m a d e  
w hile  th e  p r e s s u r e  w as  i n c r e a s e d  b e tw ee n  m e a s u r e m e n t s ,  fo llow ed  
im m e d ia te ly  by a s e r i e s  m ad e  w ith  th e  p r e s s u r e  d e c r e a s i n g  b e tw e e n  
m e a s u r e m e n t s .  S i m i l a r  r u n s  w e re  m ad e  a t d i f f e re n t  c u r r e n t s  o r  
m a g n e t ic  f i e ld s ,  o r  w ith  th e  p o la r i ty  of th e  c e n t r e  e le c t ro d e  ch an g ed
- 137 -
T h e s e  m e a s u r e m e n t s  w e r e  th e n  r e p e a te d .  T h is  p r o c e d u r e  g u a rd s  
a g a in s t  s p u r io u s  r e s u l t s  due to  a g ra d u a l  change  of c o n d i t io n s  o v e r  
a  s e r i e s  of e x p e r i m e n t s .  T h u s ,  d u r in g  a s e r i e s  of e x p e r i m e n t s ,  
fo u r  (and s o m e t im e s  m o r e )  s e r i e s  of m e a s u r e m e n t s  of T r  a s  a 
fu n c tio n  of g a s  p r e s s u r e ,  w ith  o th e r  p a r a m e t e r s  u n c h a n g e d ,  w e r e  
o b ta in e d .  F o r  f u r t h e r  c a lc u la t io n s  the  m e a n  v a lu e  of T r  w as  o b ta in e d  
f r o m  g ra p h s  of T r  a s  a  fu n c tio n  of p r e s s u r e .  A c u r v e  th a t  d i f f e r e d  
g r e a t ly  f r o m  th e  r e s t  of a  s e r i e s  w as  d i s c a r d e d  i f  t h e r e  w as 
r e a s o n a b le  ju s t i f i c a t io n  of th is  a c t io n ,  e . g .  , th e  f i r s t  r u n  of a 
s e r i e s  w ould o ften  d i f f e r  f r o m  th o s e  o b ta in ed  f r o m  th e  l a t e r  r u n s  
f o r  tw o r e a s o n s :
(a) W hen a d i s c h a r g e  i s  f i r s t  ru n  on a new ly in s t a l l e d  e l e c t r o d e  
th e  e le c t r o d e  w ill  o u tg a s  s t r o n g ly ,  so  th a t  th e  im p u r i ty  l e v e l  in  the  
g a s  i s  h ig h e r  th a n  f o r  l a t e r  r u n s  of the  s e r i e s  of e x p e r im e n t s .
(b) T he  s p u t t e r in g  a c t io n  of th e  d i s c h a r g e  “c l e a n s "  th e  
c a th o d e ,  i . e .  , r e m o v e s  t r a c e s  of g r e a s e ,  o x id e ,  o r  i m p u r i t i e s  
r e m a in in g  f r o m  th e  f in a l  p o l ish in g  of th e  e l e c t r o d e .  T h e  s e c o n d a ry  
e m is s io n  c o e f f ic ie n t  of th e  s u r f a c e  w ill  change  d u r in g  th e  c le a n in g  
p r o c e s s .  T h u s ,  i n s o f a r  a s  th e  v e lo c i ty  of th e  d i s c h a r g e  d e p en d s  on 
th e  p r o c e s s e s  o c c u r r in g  at th e  s u r f a c e  of the  c a th o d e ,  th e  v e lo c i ty  
w ith  a  d i r ty  ca th o d e  w il l  be  d i f f e r e n t  f r o m  th a t  of a d i s c h a r g e  m o v in g  
a long  a c le a n  c a th o d e .
T h e  c o m p le te  d a ta  o b ta in ed  f r o m  a s e r i e s  of e x p e r im e n t s
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w ill  only be  p lo t te d  w h e re  t h i s  i s  of im p o r ta n c e  to  the  a rg u m e n t  of 
th i s  t h e s i s .  T y p ic a l  c u r v e s ,  o r  a  sh ad ed  a r e a  in  w hich  a l l  the  p o in ts  
o b ta in e d  in  a  s e r i e s  of e x p e r im e n t s  l i e ,  w ill  be  p lo t te d  u n d e r  o th e r  
c i r c u m s t a n c e s ,  in  o r d e r  to  s im p lify  th e  p r e s e n ta t io n  of the  d a ta .
T h e  fo llow ing  o b s e r v a t io n s ,  b a s e d  on the  r e s u l t s  of 
e x p e r im e n t s  in  th e  Mk. II c h a m b e r ,  c an  be  m ad e  about th e  c a u s e s  
of th e  la c k  of r e p e a ta b i l i ty  of the  e x p e r im e n ta l  r e s u l t s .
1. T h e  r e s u l t s  o b ta ined  with th i s  c h a m b e r  a r e  not s ig n if ic a n t ly  
m o r e  r e p r o d u c e a b le  th a n  th o s e  ob ta in ed  w ith  the  " R a c e t r a c k "  c h a m b e r .  
H o w ev e r  th i s  i s  not e n t i r e ly  u n e x p e c te d .  T h e  le v e l  of th e  im p u r i t i e s  
in  th e  g a s  r e s u l t in g  f ro m  le a k s  in to  the  v acu u m  s y s te m  is  not m uch  
l e s s  th a n  the  im p u r i ty  le v e l  due to  le a k s  in to  the  " R a c e t r a c k "  c h a m b e r .  
U n d e r  t h e s e  co n d it io n s  th e  p u r i f ic a t io n  of the  gas  by p a s s in g  th ro u g h  
" M o le c u la r  S iev e"  at l iqu id  a i r  t e m p e r a t u r e  w ill  not be  of g r e a t  v a lu e .
2. As fo r  the  " R a c e t r a c k "  c h a m b e r ,  h e l iu m  gave by f a r  the  
g r e a t e s t  s c a t t e r  of th e  e x p e r im e n ta l  p o in ts .  T h e  s c a t t e r  w as  s o m e ­
w hat l e s s  f o r  h y d ro g e n  and a  l i t t l e  l e s s  f o r  a rg o n  th a n  f o r  h y d ro g e n ,  
w ith  n i t r o g e n  g iving by f a r  th e  m o s t  r e p e a ta b le  r e s u l t s .
3. A r e g u la r ly  r o ta t in g  d i s c h a r g e  in  a rg o n  w as ob ta in ed  in  the  
Mk. II c h a m b e r  up to  th e  h ig h e s t  p r e s s u r e  a t  w h ich  m e a s u r e m e n t s  
w e r e  m a d e  (23 m m . Hg). T h e  d i s c h a r g e  in  a rg o n  in  th e  " R a c e t r a c k ” 
c h a m b e r  b e c o m e s  s t a t i o n a r y ,  o r  e x t in g u is h e s ,  at p r e s s u r e s  w e ll  
b e low  th i s  v a lu e .  T h is  i s  a t t r ib u te d  to  th e  g r e a t e r  c le a n l in e s s  of
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th e  e l e c t r o d e s , and  th e  la ck  of i r r e g u l a r i t i e s  in  the  v ic in i ty  of th e  
d i s c h a r g e  gap  of th e  Mk. II c h a m b e r .
T h e  e l e c t r o d e s  w e re  r e la t iv e ly  d e p o s i t - f r e e ,  ev en  a f t e r  
h o u r s  of ru n n in g  a t  a  d i s c h a r g e  c u r r e n t  of 15 m A . T he  c o p p e r  
c a th o d e s  u s e d  f o r  th e  m a jo r i ty  of the  e x p e r im e n t s  w e re  p o l is h e d  by 
th e  s p u t t e r in g  a c t io n  of the  d i s c h a r g e  w h e re  the  ion  c u r r e n t  e n t e r s  
th e  e l e c t r o d e ,  th i s  zone b e in g  b o r d e r e d  by n a r r o w  s t r i p s  of a  d a r k  
d e p o s i t  th a t  i s  a lm o s t  c e r t a in l y  c o p p e r  oxide (see  f ig u re  3. 24). T h e  
anode  w as  l ig h tly  o x id ized  w h e re  th e  c u r r e n t  flow ed f ro m  th i s  e l e c t r o d e .
4 . V a lu es  of T r  r e p r o d u c e a b le  to  w ith in  l e s s  th a n  1' 10% of th e  
m e a n  v a lu e  w e re  o b ta in e d  w hen  a d i s c h a r g e  w as  ru n  in  n i t r o g e n  on 
s p e c ia l ly  p r e p a r e d  c le a n  gold s u r f a c e s .  T h is  i s  c o n s id e ra b ly  b e t t e r  
th a n  th e  r e p e a ta b i l i ty  of the  r e s u l t s  o b ta ined  w ith  a  n i t r o g e n  d i s c h a r g e  
on p o l ish e d  c o p p e r  e l e c t r o d e s .  T he  gold s u r f a c e  w as p r e p a r e d  by 
th e  v a c u u m  e v a p o r a t io n  of gold on to  p o l ish e d  c o p p e r  e l e c t r o d e s .
T h e  e le c t r o d e s  w e re  d e g r e a s e d ,  and c le a n e d  by ion  b o m b a rd m e n t  in  
a  low p r e s s u r e  h y d ro g e n  glow d is c h a r g e  p r i o r  to  th e  e v a p o r a t io n .
T h i s  r e s u l t  i n d ic a te s  qu ite  m a rk e d ly  th e  im p o r ta n c e  of th e  
c o n d it io n  of the  s u r f a c e  of th e  e le c t r o d e  on the  b e h a v io u r  of th e  d i s ­
c h a r g e ,  e s p e c ia l ly  in  r e l a t i o n  to  th e  r e p r o d u c e a b i l i ty  of th e  r e s u l t s . *
* A n e v a p o ra t in g  u n i t  w a s  a v a i la b le  only w hen th e  m a jo r i ty  of the  e x ­
p e r im e n t s  p e r f o r m e d  in  th e  Mk. II c h a m b e r  had  b e e n  c o m p le te d .  Had 
th e  above  r e s u l t s  b e e n  o b ta in e d  e a r l i e r ,  m o s t  of th e  e x p e r im e n t s  d e s ­
c r ib e d  in  the  l a t e r  s e c t io n s  of th i s  t h e s i s  , w ould have  b e e n  p e r f o r m e d  
w ith  e v a p o r a te d  gold e l e c t r o d e s .
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5. It  w as  o b s e r v e d  quite  r e g u la r ly  th a t  th e  v a lu e s  of T r  m e a s u r e d  
d u r in g  th e  f i r s t  p a r t  of a " r u n ” ( m e a s u r e m e n ts  m ad e  w ith  p r e s s u r e  
i n c r e a s in g )  w e re  g r e a t e r  than  th o s e  ob ta in ed  d u r in g  th e  s e c o n d  p a r t  
of the  " r u n "  ( m e a s u r e m e n ts  m a d e  w ith  p r e s s u r e  d e c r e a s i n g ) .  T h is  
o b s e r v a t io n  could  be  ex p la ined  in  t e r m s  of the  h ea t in g  of th e  gas  
d u r in g  the  c o u r s e  of th e  e x p e r im e n t .  T h e  im p o r ta n t  p a r a m e t e r  
d e s c r ib in g  th e  b e h a v io u r  of the  d i s c h a r g e  i s  not th e  p r e s s u r e ,  but 
th e  d e n s i ty  of the  n e u t r a l  m o le c u le s ,  which fa l l s  a s  the  t e m p e r a t u r e  
i n c r e a s e s ,  a t f ixed  p r e s s u r e .  In s p e c t io n  of c u r v e s  of th e  p e r io d  of 
ro ta t io n  a s  a fu n c tio n  of p r e s s u r e  r e v e a le d  th a t  the  p e r io d ,  T r , 
i n c r e a s e d  a s  the  d e n s i ty  of the  n e u t r a l  m o le c u le s  i n c r e a s e d .  (T h ese  
c u r v e s  a r e  g iven  in  th e  l a t e r  s e c t io n s  of th i s  c h a p te r ) .  T h u s  the  
h ea t in g  of th e  gas  w ill  r e s u l t  in  a d e c r e a s e  of T r  a t f ixed  p r e s s u r e .  
H o w ev e r  c a lc u la t io n s  in d ic a te  th a t  th i s  e f fe c t  shou ld  be  m u c h  s m a l l e r  
th a n  th e  o b s e rv e d  e f fe c t .
T h e  e x p e r im e n t s  w ith  th e  gold e l e c t r o d e s  (w hich do not 
r e v e a l  th i s  e f fe c t ) ,  and add itiona l e x p e r im e n t s  u s in g  a w a te r  coo led  
c e n t r e  e le c t r o d e  c o n s t r u c te d  of c o p p e r  a s  the  ca th o d e  (which r e v e a l  
th i s  e f fe c t ) ,  show th a t  th is  e ffec t  does  not r e s u l t  f r o m  th e  h e a t in g  of 
th e  g a s .  I t i s  su g g e s te d  th a t  th e  v e lo c i ty  i n c r e a s e s  a s  the  ca th o d e  
b e c o m e s  ’’c o n d i t io n e d ” - p ro b a b ly  due to  th e  c le a n in g  of th e  s u r f a c e  
by p o s i t iv e  io n  b o m b a rd m e n t .
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3. 3 T H E  TW O MODES O F ROTATION OF TH E DISCHARGE
T h e  r o ta t io n  of th e  d i s c h a r g e  could  be  o b s e r v e d  in  th e  
Mk. II c h a m b e r  a t m u ch  lo w e r  p r e s s u r e s  th a n  i t  could  in  th e  
" R a c e t r a c k "  c h a m b e r ,  n o isy  bu t  d i s c r e t e  p u ls e s  a p p e a r in g  on the  
s c r e e n  of th e  o s c i l lo s c o p e  a t p r e s s u r e s  down to  1 - 2 m m . Hg.
T h i s  i s  a t t r i b u t e d  to  th e  u s e  of a s in g le  v iew ing  ho le  in  th e  l ig h t  
d e te c t io n  e q u ip m e n t  and th e  lo n g e r  pa th  a ro u n d  w h ich  th e  d i s c h a r g e  
m o v e s .  B e c a u s e  of th e  " c le a n "  g e o m e t r y ,  and the  low  p r e s s u r e s  at 
w hich  th e  r o ta t io n  cou ld  be  o b s e r v e d  in  th i s  c h a m b e r ,  i t  w as  u s e d  to  
s tudy  a s h a r p  ch an g e  b e tw e e n  tw o m o d e s  of r o ta t io n  th a t  o c c u r s  a s  
th e  p r e s s u r e  of th e  g a s  i s  i n c r e a s e d .  (T h is  t r a n s i t i o n  w as  o b s e r v e d  
in  th e  " R a c e t r a c k "  c h a m b e r ,  bu t i t  i s  m o r e  r a p id ,  and  th e  c h a n g e s  
of th e  b e h a v io u r  a r e  m o r e  m a rk e d  in  th e  Mk. II c h a m b e r ) .
At low p r e s s u r e s  a  d i s c h a r g e  of 15 mA in  n i t r o g e n  in  a 
m a g n e t ic  f ie ld  of 2 ,1 6 0  g a u s s  o c c u p ie s  the  e n t i r e  gap  b e tw e e n  the  
e l e c t r o d e s .  At a p r e s s u r e  in  th e  v ic in i ty  of 1 m m . Hg. , th e  d i s ­
c h a r g e  c o n t r a c t s  to  occupy only a f r a c t io n  of the  a n n u lu s  b e tw e e n  
th e  e l e c t r o d e s  and i s  d r iv e n  a ro u n d  th i s  gap  by th e  t r a n s v e r s e  
m a g n e t ic  f ie ld  (a lthough a t lo w e r  p r e s s u r e s  a  w ave of l ig h t  in te n s i ty  
w as o ften  o b s e r v e d  to  m ove  a ro u n d  the  gap). Above 1 m m .  H g, the  
s ig n a l  f r o m  the  p h o to m u l t ip l ie r s  i s  no isy  and " j i t t e r y "  - i . e .  , th e  
t im e  in t e r v a l  b e tw e e n  p u ls e s  v a r i e s  in  an  i r r e g u l a r  f a s h io n  f r o m  
p u ls e  to  p u ls e .  At a p p ro x im a te ly  10 m m . Hg (the t r a n s i t i o n  p r e s s u r e )
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th e  n a tu r e  of th e  p h o to m u l t ip l ie r  s ig n a l  u n d e rg o e s  a su d d e n  ch an g e .
T h e  n o is e  and j i t t e r  d i s a p p e a r ,  and the  p u ls e s  b e c o m e  n a r r o w e r ,  
and i n c r e a s e  in  a m p l i tu d e .  C u rv e s  of th e  p e r io d  of r o ta t io n  a s  a  
fu n c tio n  of p r e s s u r e  show  a s h a r p  b r e a k  at th i s  p r e s s u r e .  T he  low 
p r e s s u r e  m ode of ro ta t io n  i s  c a l le d  the  J  (for " j i t t e r y " )  m o d e ,  the  
h igh  p r e s s u r e  m o d e ,  the  R (for " r e g u l a r " )  m o d e . T r a n s i t i o n s  of 
th is  ty p e  o c c u r  f o r  a l l  th e  g a s e s  s tu d ie d  in  th i s  c h a m b e r ,  th e  t r a n s ­
i t io n  in  h e l iu m  b e ing  m o s t  m a r k e d .
3 .31  T h e  n a tu re  of the  t r a n s i t i o n
T he  t r a n s i t i o n  w as  s tu d ie d  fo r  d i s c h a r g e s  in  v a r io u s  g a s e s ,  
b e tw e e n  e le c t r o d e s  of 1 0 .2  and 1 4 .0  c m .  d i a m e t e r .  T h e  m a g n e t ic  
f ie ld  w as  2 ,1 6 0  g a u ss  fo r  h e l iu m ,  n i t r o g e n  and a rg o n ,  and 590 g a u s s  
fo r  h y d ro g e n .  T h e  fo llow ing o b s e r v a t io n s  w e r e  m ade  r e g a r d in g  th e  
t r a n s i t i o n  in  th e  v a r io u s  g a s e s  s tu d ied :
H elium  C u rv e s  show ing  th e  p e r io d  of ro ta t io n  of th e  d i s c h a r g e ,  
T  and th e  d i s c h a r g e  v o ltag e  p lo t te d  a g a in s t  g a s  p r e s s u r e  a r e  g iven  
in  f ig u re  3 .4 .  T h e s e  c u rv e s  show  a s h a r p  d e c r e a s e  in  T r  and the  
d i s c h a r g e  v o ltage  a s  the  p r e s s u r e  i n c r e a s e s  th ro u g h  th e  t r a n s i t i o n .  
T h e s e  d e c r e a s e s  a r e  c h a r a c t e r i s t i c  of th e  t r a n s i t i o n  in  th i s  g a s .
F ig u r e  3 .5  show s o s c i l l o g r a m s  of
(i) P h o to m u l t ip l ie r  s ig n a l s  o b ta in ed  w ith  th e  v iew in g  ho le  
looking  down on the  ca thode  and anode  re g io n s  of the  d i s c h a r g e ,
b o th  be low  and above th e  t r a n s i t i o n ,  and
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FIG 3. 5 OSCILLOGRAMS - H E L IU M  TRANSITION
M agne t ic  f ie ld  - 2 ,1 6 0  g a u s s
D i s c h a r g e  c u r r e n t  - 5 mA
(a) P h o t o m u l t i p l i e r  s ig n a l  and d i s c h a r g e  n o is e  v o l tag e  - ABOVE
th e  t r a n s i t i o n . P r e s s u r e  - 12. 1 m m .  Hg. T i m e  b a s e  - 2 m  s e c / c m
U p p e r  t r a c e Signa l f r o m  a p h o to m u l t i p l i e r  looking  down on 
the  ca thode  r e g io n .  V e r t i c a l  s e n s i t i v i t y  - 
0. 2 v / c m .
L o w e r  t r a c e A l t e r n a t in g  co m p o n en t  of th e  d i s c h a r g e  v o l t a g e .  
V e r t i c a l  s e n s i t i v i t y  - 20 v o l t / c m .
(b) P h o t o m u l t i p l i e r  s ig n a l  and d i s c h a r g e  n o is e  v o l t a g e  - B E L O W
th e  t r a n s i t i o n . P r e s s u r e  - 11. 8 m m .  Hg. T i m e  b a s e  - 2 m  s e c / c m
U p p e r  t r a c e Signal f r o m  a p h o to m u l t i p l i e r  look ing  down 
on the  ca thode  r e g io n .  V e r t i c a l  s e n s i t i v i t y  - 
0. 1 v / c m .
L o w e r  t r a c e A l t e r n a t i n g  c o m p o n e n t  of the  d i s c h a r g e  v o l t a g e .  
V e r t i c a l  s e n s i t i v i t y  - 20 v o l t / c m .
(c) P h o t o m u l t i p l i e r  s ig n a l  look ing  down on the  anode r e g i o n  - ABOVE
th e  t r a n s i t i o n .  P r e s s u r e  - 11. 7 m m .  Hg. T i m e  b a s e  - 2 m  s e c / c m
V e r t i c a l  s e n s i t i v i t y  - 0 .0 5  v o l t / c m .
(d) P h o t o m u l t i p l i e r  s ig n a l  looking  down on the  anode  r e g i o n  - B EL O W
th e  t r a n s i t i o n .  P r e s s u r e  - 1 0 .4  m m .  Hg. T i m e  b a s e  - 2 m  s e c / c m
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(ii) T h e  n o is e  v o l ta g e  a c r o s s  th e  d i s c h a r g e  tu b e ,  be low  and above  
th e  t r a n s i t i o n .
F i g u r e s  3 .5 (a )  and (b) (upper t r a c e s ) ,  p h o to m u l t ip l ie r  s ig n a l s  
o b ta in ed  w ith  th e  v iew ing  ho le  looking  dow n on the  c a th o d e  r e g io n ,  show  
th e  c h a r a c t e r i s t i c  d e c r e a s e  in  n o is e  and j i t t e r ,  and th e  d e c r e a s e  in  the  
w idth  of th e  d i s c h a r g e ,  th a t  o c c u r s  w h e re  the  p r e s s u r e  i n c r e a s e s  so  
th a t  th e  d i s c h a r g e  p a s s e s  th ro u g h  th e  t r a n s i t i o n .  W hen the  v iew ing  
ho le  i s  o v e r  th e  a n o d e ,  the  p h o to m u l t ip l ie r  s ig n a ls  ( f ig u re s  3. 5(c) and 
(d)) do no t show  qu ite  as  m a rk e d  a  ch an g e  in  a p p e a r a n c e .  T h e  j i t t e r  
and n o i s e ,  and the  w idth  d e c r e a s e ,  bu t no t to  th e  s a m e  e x te n t  as  w as  
th e  c a s e  w hen th e  p h o to m u lt ip l ie r  looked  down on th e  c a th o d e .
V isu a l  o b s e r v a t io n  of th e  d i s c h a r g e  r e v e a le d  t h a t ,  be low  
th e  t r a n s i t i o n ,  th e  n e g a t iv e  glow of th e  d i s c h a r g e  w as  o v e r  the  f la t  
top  and b o t to m  s u r f a c e s  of the  c a th o d e ,  a s  shown in  f ig u r e  3. 6(a).
Above the  t r a n s i t i o n  th e  n e g a t iv e  glow is  on th e  c u rv e d  edge  of the  
c a th o d e ,  as  show n in  f ig u re  3 .6 (b ) .  T h e  o b s e r v e d  w id th  of the  
n eg a t iv e  glow , w hich  g iv e s  a  m e a s u r e  of th e  w id th  of th e  ca th o d e  fa ll  
r e g io n  of th e  d i s c h a r g e  p e r p e n d ic u la r  to  th e  d i r e c t io n  of m o tio n  of 
th e  d i s c h a r g e ,  i s  g r e a t e r  b e lo w  the  t r a n s i t i o n  th a n  above  th e  t r a n ­
s i t io n .  i . e .  , r e f e r r i n g  to  f ig u r e  3. 6, x i s  g r e a t e r  th a n  y .  T h is  
o b s e r v a t io n ,  co u p led  w ith  th e  d e c r e a s e  in  th e  w idth  of th e  d i s c h a r g e  
in  th e  d i r e c t io n  of m o tio n ,  a s  o b s e r v e d  f r o m  th e  p h o to m u l t ip l ie r  
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w hen  th e  p r e s s u r e  i s  i n c r e a s e d  th ro u g h  the  t r a n s i t i o n .
It w as  though t th a t  th e  j i t t e r  o b s e r v e d  on the  p h o to m u l t ip l ie r  
s ig n a l  w ould  be  a s s o c ia te d  w ith  f lu c tu a t io n s  of th e  e l e c t r i c  f ie ld s  in  
th e  d i s c h a r g e .  If th i s  w as  s o ,  th e n  f lu c tu a t io n s  on the  d i s c h a r g e  
v o l ta g e  w ould be  e x p ec ted  to  d e c r e a s e  on p a s s in g  th ro u g h  the  t r a n s i t i o n .  
O b s e r v a t io n s  of the  n o is e  on th e  v o l ta g e  a c r o s s  th e  d i s c h a r g e  tu b e  
show th a t  th e  n o is e  le v e l  d o es  not change  at th e  t r a n s i t i o n  p r e s s u r e .  
H o w ev e r  ju s t  above  th e  t r a n s i t i o n  a r e g u l a r  v a r i a t io n  of the  d i s c h a r g e  
v o ltag e  of th e  s a m e  fu n d a m e n ta l  f r e q u e n c y  a s  th e  f r e q u e n c y  of th e  
r o ta t io n  of th e  d i s c h a r g e ,  w as a ls o  o b s e r v e d .  T h is  v a r ia t io n  w hich  
w ill  be  c a l le d  th e  s y n c h ro n iz e d  co m p o n en t (b e c au se  i t  " l o c k s ” to  th e  
s ig n a l  f ro m  the  p h o to m u lt ip l ie r )  i s  o ften  of an a p p ro x im a te ly  s in u s o id a l  
o r  " r a m p "  s h a p e .  S o m e t im e s ,  h o w e v e r ,  m u ch  m o r e  co m p le x  p a t t e r n s  
w e re  o b s e r v e d .  C h a r a c t e r i s t i c  v o lta g e  s ig n a ls  a r e  show n in  f ig u r e s  
3. 5(a) and (b) ( lo w er  t r a c e s ) .  (The sy n c h ro n iz e d  c o m p o n en t of low 
a m p li tu d e  o b s e r v e d  below  th e  t r a n s i t i o n  i s  not co m m o n ly  p r e s e n t ) .
T h e  s y n c h ro n iz e d  c o m p o n e n t ,  and the  n o ise  co m p o n en t of the  
d i s c h a r g e  v o lta g e  a r e  b o th  of th e  o r d e r  of 20 v o l ts  p e a k - to - p e a k .
(The a m p li tu d e  of th e  s y n c h r o n iz e d  c o m p o n en t of th e  d i s c h a r g e  
v o ltag e  shown in  f ig u re  3. 6(b) i s  e x ce p t io n a l ly  l a r g e ) .  T h e  am p li tu d e  
of th e  sy n c h ro n iz e d  co m p o n en t  fa l l s  r a p id ly  a s  the  p r e s s u r e  i s  i n ­
c r e a s e d  above the  t r a n s i t i o n .
T he  v o l ta g e  a c r o s s  th e  d i s c h a r g e  w ill  change  a s  th e  d i s c h a rg e
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m o v e s  a ro u n d  th e  gap if  the  len g th  of th e  d i s c h a r g e  c h a n g e s  a s  i t  
m o v e s  a ro u n d  th e  gap . T he  le n g th  m ay  change  b e c a u s e :
(1) T h e  gap  b e tw e e n  the  e l e c t r o d e s  i s  not c o n s ta n t .
(2) T he  d i s c h a r g e  m ay t i l t  a t  an  ang le  to ,  o r  m o v e  off th e  p lan e  
of s y m m e t r y  of th e  e l e c t r o d e s .
(3) T h e  s lo p e  of the  d i s c h a r g e  m a y  ch an g e .
T h e  e l e c t r i c  fie ld  in  th e  p o s i t iv e  c o lu m n  i s  e s t im a te d  to  be  
of th e  o r d e r  of 10 v o l t s / c m .  T h u s  th e  len g th  of th e  d i s c h a r g e  would 
b e  r e q u i r e d  to  v a ry  by a p p ro x im a te ly  2 c m . to  e x p la in  th e  o b s e r v e d  
s y n c h r o n iz e d  co m p o n en t .  T h e  s p a c in g  of th e  e l e c t r o d e s  w as  ch ec k e d  
on c o m p le t in g  the  e x p e r im e n t s ,  and th e  e l e c t r o d e s  w e r e  found to  be 
c o n c e n t r ic .  T h e  d i s c h a r g e  does  not a p p e a r  to  m ove  f a r  f ro m  th e  
p lane  of s y m m e t r y  of th e  e l e c t r o d e s .  H ence  a c h an g e  of len g th  due 
to  (1) o r  (2) above would be  to o  s m a l l  to  be  a p o s s ib le  e x p lan a t io n  
of th e  s y n c h ro n iz e d  c o m p o n e n t .  P o s s ib i l i t y  (3) w a s  no t c h e c k e d ,  b u t 
t h e r e  i s  no ev id en c e  in  o th e r  m e a s u r e m e n t s  of th e  r e m a r k a b le  ch an g e  
of s lo p e  th a t  would b e  r e q u i r e d  to  g ive  a  change  of th e  le n g th  of the  
d i s c h a r g e  of 2 c m .  T h i s  d i s c u s s io n  s u g g e s t s  th a t  the  sy n c h ro n iz e d  
c o m p o n en t m ay r e s u l t  f r o m  c h a n g e s  in  the  d i s c h a r g e  i t s e l f ;  a  l ike ly  
e x p lan a t io n  is  a ch an g e  of th e  c a th o d e  fa l l  v o ltag e  due  to  a ch ange  in  
th e  c o n d it io n  of th e  s u r f a c e  of th e  c a th o d e  a ro u n d  th i s  e l e c t r o d e .
T he  e s t im a te d  v a lu e  of the  e l e c t r i c  f ie ld  w as  c a lc u la te d
f r o m  the v o ltag e  o b ta in ed  by  s u b t r a c t i n g  f r o m  th e  m e a s u r e d  d i s c h a r g e
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v o l ta g e ,  the  v a lu e  of n o rm a l  c a th o d e  f a l l  v o ltag e  g iv en  by BROWN 
(B r  59) f o r  the  g low  d is c h a r g e  in  z e r o  m a g n e t ic  f ie ld .  I t  i s  a s s u m e d  
th a t  th e  c a th o d e  f a l l  v o lta g e  i s  no t chan g ed  g re a t ly  by the  m a g n e t ic  
f ie ld .  G Ü N T H E R SC H U L Z E  (Gu 24) h a s  o b s e r v e d  t h a t ,  u n d e r  s i m i l a r  
c o n d i t io n s  the  c a th o d e  fa ll  v o l ta g e  i s  not chan g ed  by a m a g n e t ic  f ie ld .  
T h is  c a lc u la t io n  i s  undoubted ly  c r u d e ,  b u t  even  a c o n s id e r a b le  e r r o r  
in  th e  e s t i m a te d  f ie ld  w ill  not in v a l id a te  th e  above  c o n c lu s io n s .
T h e  d e p en d e n c e  of th e  t r a n s i t i o n  p r e s s u r e  on th e  m a g n e t ic  
f ie ld  and th e  d i s c h a r g e  c u r r e n t  c an n o t be  s tu d ie d  f o r  th i s  gas  b e c a u s e  
of th e  p o o r  r e p e a ta b i l i ty  of the  e x p e r im e n ta l  r e s u l t s .  It h a s  b e e n  
found th a t  i n c r e a s i n g  the  c u r r e n t  r e s u l t s  in  a t r a n s i t i o n  f r o m  the  R 
m ode  of r o ta t io n  to  th e  J  m o d e .
N i t ro g e n .  T h e  t r a n s i t i o n  in  t h i s  gas  i s  m o r e  g r a d u a l  th a n  
th a t  in  h e l iu m ,  bu t i s  s t i l l  qu ite  m a r k e d .  F ig u r e  3. 7 show s p lo ts  of 
th e  p e r io d  of r o ta t io n  of the  d i s c h a r g e ,  and th e  d i s c h a r g e  v o l ta g e ,  
a g a in s t  p r e s s u r e .  B elow  th e  t r a n s i t i o n  T r  i s  s u b s ta n t ia l ly  in d e p e n ­
den t of p r e s s u r e .  T f  r i s e s  s te e p ly  a t  th e  t r a n s i t i o n ,  and  th e n  l e s s  
s te e p ly  a t  h ig h e r  p r e s s u r e s .
It  shou ld  be no ted  th a t  th e  i n c r e a s e  of T r  w ith  i n c r e a s in g  
p r e s s u r e  a t  th e  t r a n s i t i o n  i s  in  m a r k e d  c o n t r a s t  w ith  th e  su d d en  
d e c r e a s e  of T r  w ith  i n c r e a s in g  p r e s s u r e ,  at th e  t r a n s i t i o n  in  h e l iu m . 
T h is  b e h a v io u r  i s  c h a r a c t e r i s t i c  of th e  m oving  d i s c h a r g e  in  n i t ro g e n
ex cep t  fo r  v e ry  s h o r t  d i s c h a r g e s .  T h e  d i s c h a r g e  v o l ta g e  show s a
oo oM o
































b r e a k ,  b u t  not a  s h a r p  b r e a k ,  a t th e  t r a n s i t i o n .  T h e  n e g a t iv e  glow 
of th e  d i s c h a r g e  i s  a t th e  edge  of th e  ca th o d e  (as w as th e  c a s e  fo r  the  
R m o d e  in  h e l iu m )  bo th  above  and below  th e  t r a n s i t i o n .  T h e  n eg a tiv e  
g low  i s  o b s e r v e d  above and  b e low  the  ca th o d e  (as w as  th e  c a s e  fo r  the 
J  m o d e  in  h e l iu m ) ,  only a t  p r e s s u r e s  of th e  o r d e r  of 1 - 2 m m .  Hg.
T h e  a l te rn a t in g  co m p o n en t of th e  d i s c h a r g e  v o l ta g e  show s 
a r e m a r k a b l e  change  at th e  t r a n s i t i o n .  Below th e  t r a n s i t i o n  th e  
s ig n a l  i s  v e ry  n o is y ,  and sh o w s  no s y n c h ro n iz e d  c o m p o n e n t ,  w h e r e a s  
above  th e  t r a n s i t i o n ,  th e  n o is e  d i s a p p e a r s  to  be  r e p la c e d  by a s ig n a l  
s y n c h r o n iz e d  w ith th e  r o ta t io n  of th e  d i s c h a r g e .  T he  s ig n a l s  f ro m  
th e  p h o to m u l t ip l ie r ,  and a h ig h -v o l ta g e  p ro b e  a c r o s s  th e  d i s c h a r g e  
be low  , and above the  t r a n s i t i o n ,  a r e  show n in  f ig u r e s  3 .8 (a ) ,  (b) and 
(c). F i g u r e s  3. 8(d) and (e) show th e  p h o to m u l t ip l ie r  s ig n a l  and th e  
v o l ta g e  a t  p r e s s u r e s  w e ll  above the  t r a n s i t i o n  p r e s s u r e .
S ig n a ls  f ro m  th e  v o l ta g e  p ro b e  s i m i l a r  to  th o s e  show n in  
f ig u r e s  3 .8 (b )  and (c) a r e  o b s e r v e d  ju s t  above (but not n e c e s s a r i l y  
im m e d ia te ly  above) th e  t r a n s i t i o n .  T h e s e  s ig n a l s  , w hich  have th e  
a p p e a r a n c e  of a s e r i e s  of r e g u la r ly  sp a c e d  p u ls e s  s tan d in g  on a 
s im p le  s ig n a l  of the  type  o b s e r v e d  a t  h ig h e r  p r e s s u r e s ,  (see  f ig u r e s  
3. 8(d) and  (e)) a r e  not fu lly  u n d e r s to o d .  T h i s  p h en o m en o n  w ill  be  
d i s c u s s e d  in  s e c t io n  3. 9.
A t h igh p r e s s u r e s  , and in  the  n a r r o w  p r e s s u r e  ra n g e  b e tw e e n  
th e  t r a n s i t i o n  and th e  a p p e a r a n c e  of th e  c o m p lex  s ig n a l  ju s t  d e s c r i b e d ,
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FIG  3 .8  OSCILLOGRAMS - NITRO G EN  TRANSITION
M agne t ic  f ie ld  - 2 ,1 5 0  g a u s s .  D i s c h a r g e  c u r r e n t  - 15 m A .
(a) P h o t o m u l t i p l i e r  s ig n a l  and d i s c h a r g e  n o i s e  v o l t a g e  - B E L O W  th e  
t r a n s i t i o n .  P r e s s u r e  - 4 . 6  m m .  Hg. T i m e  b a s e  - 0. 5 m s e c / c m .
U p p e r  t r a c e  P h o t o m u l t i p l i e r  s i g n a l  looking  down on the
ca thode  r e g i o n .  V e r t i c a l  s e n s i t i v i t y  - 
0. 5 v o l t / c m .
L o w e r  t r a c e  A l t e r n a t i n g  c o m p o n en t  of d i s c h a r g e  v o l ta g e .
V e r t i c a l  s e n s i t i v i t y  - 100 v o l t / c m .
(b) and (c) P h o t o m u l t i p l i e r  s ig n a l  and  d i s c h a r g e  n o i s e  v o l t a g e  - 
c o m p le x  s ig n a l s  o b s e r v e d  JUST ABOVE th e  t r a n s i t i o n .
(b) P r e s s u r e  - 6 . 2  m m .  Hg. T i m e  b a s e  - 0. 5 m s e c / c m .  
U p p e r  t r a c e  P h o t o m u l t i p l i e r  s ig n a l .  V e r t i c a l  s e n s i t i v i t y
0. 5 v o l t / c m .
L o w e r  t r a c e  A l t e r n a t i n g  c o m p o n en t  of d i s c h a r g e  vo l tage .
V e r t i c a l  s e n s i t i v i t y  - 20 v o l t / c m .
(c) P r e s s u r e  
U p p e r  t r a c e
L o w e r  t r a c e
12. 2 m m .  Hg. T i m e  b a s e  - 0. 5 m  s e c / c m .  
P h o t o m u l t i p l i e r  s i g n a l .  V e r t i c a l  s e n s i t i v i t y  
1 v o l t / c m .
A l t e r n a t in g  c o m p o n e n t  of d i s c h a r g e  v o l t a g e .  
V e r t i c a l  s e n s i t i v i t y  - 100 v o l t / c m .
(d) and  (e) P h o t o m u l t i p l i e r  s ig n a l  and  d i s c h a r g e  n o i s e  v o l t a g e  - 
s i m p l e  s ig n a l s  o b s e r v e d  ABOVE the  t r a n s i t i o n .
(d) P r e s s u r e  - 9. 9 m m .  Hg. T i m e  b a s e  - 2 m  s e c / c m .
U p p e r  t r a c e  P h o t o m u l t i p l i e r  s i g n a l .  V e r t i c a l  s e n s i t i v i t y  -
1 v o l t / c m .
L o w e r  t r a c e  A l t e r n a t in g  co m p o n en t  of d i s c h a r g e  vo l tag e .
V e r t i c a l  s e n s i t i v i t y  - 10 vo l t  / c m .
(e) P r e s s u r e  - 2 2 .3  m m .  Hg. T i m e  b a s e  - 5 m  s e c / c m .
U p p e r  t r a c e  P h o t o m u l t i p l i e r  s i g n a l .  V e r t i c a l  s e n s i t i v i t y  -
1 v o l t / c m .
L o w e r  t r a c e  A l t e r n a t i n g  c o m p o n e n t  of d i s c h a r g e  v o l ta g e .
V e r t i c a l  s e n s i t i v i t y  - 20 v o l t / c m .
de
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th e  s y n c h r o n iz e d  c o m p o n en t i s  of a  r e la t iv e ly  s im p le  n a tu re  (see  
f ig u r e s  3. 8(d) and (e)). T h e  e l e c t r i c  f ie ld  i s  v e ry  h ig h  in  th e  p o s i t iv e  
c o lu m n  of th e  d i s c h a r g e  in  n i t r o g e n  ( ^  500 v o l t s / c m .  T h is  f ig u re  
w as  c a lc u la te d  f r o m  the  d i f f e r e n c e  b e tw e e n  the v o l ta g e s  a c r o s s  two 
d i s c h a r g e s  of d i f f e r e n t  len g th s  - s e e  s e c t io n  3 .7 ) .  I t  i s  so  h igh  th a t  
th e  s y n c h r o n iz e d  co m p o n en t in th i s  c a s e  could  be  ex p la in ed  if  the  
len g th  of the  d i s c h a r g e  ch anged  by th e  o r d e r  of 0. 04 c m .  T h e  
m e a s u r e d  i n c r e a s e  in  th e  e l e c t r i c  f ie ld  a s  p r e s s u r e  i n c r e a s e s  (see  
s e c t io n  3. 7) w ould  give the  i n c r e a s e  of th e  a m p li tu d e  of the  s y n ­
c h ro n iz e d  co m p o n en t  o b s e r v e d  as  the  p r e s s u r e  i n c r e a s e s .
T h e  s e p a r a t i o n  b e tw e e n  th e  e l e c t r o d e s  c h a n g e s  by l e s s  th a n  
0. 002 c m . a ro u n d  th e  gap , so  th a t  a change  in  th e  s e p a r a t io n  canno t 
ex p la in  th e  s y n c h r o n iz e d  c o m p o n en t .  T h e  sec o n d  p o s s ib i l i ty ,  th a t  
the  d i s c h a r g e  d o es  not ru n  in  the  p lan e  of s y m m e t r y  of the  e l e c t r o d e s  
fo r  p a r t  of i t s  p a th  a ro u n d  th e  e l e c t r o d e s ,  i s  s u p p o r te d  by th e  a p ­
p e a r a n c e  of the  t r a c k  le f t  on  th e  c a th o d e ,  and , to  a  l e s s e r  e x ten t ,  
th e  a p p e a ra n c e  of the  n eg a tiv e  glow. T h e  ca th o d e  t r a c k  and th e  
n eg a tiv e  glow f re q u e n t ly  m ove  off th e  p lane  of s y m m e t r y  fo r  p a r t  
of th e  c i r c u m f e r e n c e  of th e  c a th o d e .  S im i la r ly  i r r e g u l a r  " b u m p s "  
on th e  d i s c h a r g e  v o ltag e  s ig n a l s  m ay  often  be  c o r r e l a t e d  w ith  i r ­
r e g u l a r i t i e s  in  the  n eg a tiv e  glow (and m a r k s  on th e  c a th o d e ) .  T he  
p o s i t io n  of th e  i r r e g u l a r i t y  r e l a t i v e  to  th e  v iew ing  h o le  is  the  s a m e  
as  th a t  of the  "b u m p "  on the  v o l ta g e - s ig n a l  in  r e l a t io n  to  th e  s ig n a l
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f r o m  th e  p h o to m u l t i p l i e r .  T h e s e  i r r e g u l a r  "b u m p s"  on th e  s ig n a l  
f r o m  th e  v o l ta g e  p ro b e  a r e  not p r e s e n t  and th e  am p li tu d e  of th i s  
s ig n a l  i s  m uch  r e d u c e d  fo r  th e  n i t r o g e n  d i s c h a r g e  m oving  on e v a p o ­
r a t e d  gold e l e c t r o d e s ,  in d ic a t in g  th a t  th e  d i s c h a r g e  m ay m ove  off 
th e  p lan e  of s y m m e t r y  due to  n o n -u n i f o rm  e le c t r o d e  s u r f a c e  c o n d i t io n s .  
T h e  n e g a t iv e  glow i s  s y m m e t r i c a l ,  and of a u n ifo rm  a p p e a ra n c e  fo r  
th e  d i s c h a r g e  on th e  gold e l e c t r o d e s .
It w as th o u g h t th a t  th e  j i t t e r  o b s e r v e d  below th e  t r a n s i t i o n  
m ig h t  in d ic a te  th a t  th e  d i s c h a r g e  m o v e s  in  the  m a n n e r  in d ic a te d  in  
f ig u re  3. 9: the  anode re g io n  m o v e s  ah ea d  of the  ca th o d e  r e g io n ,  the  
len g th  and " s lo p e "  of th e  d i s c h a r g e  i n c r e a s in g .  T he  ca th o d e  re g io n  
th e n  m o v e s  up to  th e  anode r e g io n ,  and th en  th e  anode re g io n  a g a in  
m o v e s  ah ead  of th e  c a th o d e  re g io n ,  i . e .  , th e  d i s c h a rg e  "w a lk s"  
along the  e l e c t r o d e s .  T h e  s ig n a l  f r o m  two p h o to m u l t ip l ie r s ,  so  
a r r a n g e d  th a t  they  looked  down on the  anode  and ca th o d e  re g io n s  of 
th e  d i s c h a r g e ,  w e r e  d is p la y e d  s im u l ta n e o u s ly  on an  o s c i l lo sc o p e  
o p e ra t in g  in  the  "sing le  sh o t"  m o d e .  T h e  t im e  in te r v a l  b e tw ee n  th e  
p u ls e s  f ro m  th e  two p h o to m u l t ip l ie r s  c h an g e s  v e ry  l i t t l e  f ro m  
" sh o t"  to  " s h o t " ,  ev en  though  T r  m ay  ch ange  due to  the  j i t t e r ,  i n d i ­
ca t in g  th a t  the  sh ap e  of th e  d i s c h a r g e  d o e s  not ch ange  g re a t ly  f ro m  
re v o lu t io n  to  re v o lu t io n  - i . e .  , the  d i s c h a r g e  does  not "w alk"  a long  
the  e le c t ro d e  as  in d ic a te d  in  f ig u r e  3. 9.
ANODE








3. ANODE REGION AGAIN 
MOVES AHEAD OF CATHODE
REGION
CATHODE
FIG 3-9 THE "WALKING" DISCHARGE
H y d ro g e n .  D is c h a r g e s  in  th is  g a s  show a  change  of p h o to ­
m u l t i p l i e r  s ig n a l  and the  a l t e r n a t in g  com p o n en t of th e  d i s c h a r g e  v o l ta g e  
s i m i l a r  to  th a t  o b s e r v e d  in  n i t r o g e n .  H o w e v e r ,  th e  s y n c h ro n iz e d  
co m p o n en t  i s  m o r e  i r r e g u l a r  th a n  th a t  o b s e r v e d  fo r  n i t r o g e n  d i s ­
c h a r g e s , and  the  s ig n a l  i s  not e n t i r e ly  n o i s e - f r e e .  (See f ig u r e  3. 10). 
T h e  T r / p r e s s u r e  c u r v e s  (shown in  f ig u re  3. 11), do not show  a s h a r p  
b r e a k  a t th e  t r a n s i t i o n ,  b u t  the  v o ltag e  a c r o s s  th e  d i s c h a r g e  d ro p s  
s l ig h t ly  a s  th e  p r e s s u r e  i s  i n c r e a s e d  th ro u g h  th e  t r a n s i t i o n .  The 
t r a n s i t i o n  i s  n e i t h e r  su d d en  n o r  r e p r o d u c e a b le .
T h e  n e g a t iv e  glow is  m o r e  e x te n s iv e  and d iffuse  th a n  in the  
o th e r  g a s e s .  T h e r e  is  no s h a r p  change  in  th e  a p p e a ra n c e  of th e  
n e g a t iv e  glow a t  th e  t r a n s i t i o n ,  th e  d i s c h a r g e  c o v e r in g  the  edge  of 
th e  c a th o d e ,  and ex tend ing  on to  th e  f la t  top  and b o tto m  s u r f a c e s  of 
th e  ca th o d e  b o th  above  and b e lo w  th e  t r a n s i t i o n .
A rg o n .  T he  t r a n s i t i o n  i s  n e i th e r  m a rk e d  n o r  s h a r p  in  a rg o n ,  
the  m o s t  p ro n o u n c e d  c h a r a c t e r i s t i c  be in g  a l a r g e  ch ange  in  the  s lo p e  
of th e  T r / p r e s s u r e  c u rv e  a t  the  t r a n s i t i o n  (see  f ig u re  3. 12). T r  does  
not v a ry  g r e a t ly  w ith  p r e s s u r e  b e low  th e  t r a n s i t i o n ,  bu t i n c r e a s e s  
r a p id ly  a s  th e  p r e s s u r e  i s  i n c r e a s e d  th ro u g h  the  t r a n s i t i o n  - i . e .  , 
the  d e p en d en ce  of T ^  on p r e s s u r e  i s  s i m i l a r  to  th a t  o b s e r v e d  fo r  the  
d i s c h a r g e  in  n i t r o g e n .  T h e  j i t t e r  on T ^  i s  not g r e a t ,  and d e c r e a s e s
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only g ra d u a l ly  a t th e  t r a n s i t i o n .  (The change  in  th e  a l t e r n a t in g  c o m ­
ponen t of th e  d i s c h a r g e  v o l ta g e  w as  not s tu d ie d  fo r  th i s  g a s ) .  T h e r e
FIG 3.10 OSCILLOGRAMS HYDROGEN TRANSITION
M agnetic  f ie ld  - 590 g a u s s
D is c h a rg e  c u r r e n t  - 15 mA.
(a) P h o to m u l t ip l ie r  s igna l and  d i s c h a r g e  no ise-A B O V E
the  t r a n s i t i o n .
P r e s s u r e  - 6 .0 5  m m . H g. T im e  b a s e  - 0. 2 m  s e c / c m .
U p p e r  t r a c e  P h o to m u l t ip l i e r  s ig n a l .
V e r t i c a l  s e n s i t iv i ty  - 0. 1 v o l t / c m .
L o w e r  t r a c e  A l te rn a t in g  c o m p o n e n t  of d i s c h a r g e  c u r r e n t .  
V e r t i c a l  s e n s i t iv i ty  - 5 m A /c m .
(b) P h o to m u l t ip l i e r  s ig n a l  and  d i s c h a r g e  n o ise -B E L O W
th e  t r a n s i t i o n .
P r e s s u r e  - 1. 7 m m . Hg. T i m e  b a s e  - 0. 1 m  s e c / c m .
U p p e r  t r a c e  P h o to m u l t ip l i e r  s ig n a l
V e r t i c a l  s e n s i t iv i ty  - 50 v o l t / c m .
L o w e r  t r a c e  A l te rn a t in g  c o m p o n e n t  of d i s c h a r g e  v o l ta g e .  
V e r t i c a l  s e n s i t iv i ty  - 50 v o l t / c m .
(C o rre s p o n d in g  c u r r e n t  s e n s i t iv i ty  - 0. 75 m A / c m . )
/ * — \ ~ " " i ^ - ( — .....r  "I V____ __ IF W
, ,=E, i . .. !
* 4 \ V \ / M r-«f\A \ r v A
V v v V \  Vif r r A r  \  V \  \  v 1
<a
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FIG  3 .11  PE RIO D  OF ROTATION v s .  PR E S SU R E  F O R  HYDROGEN
T he b ro a d  a r ro w  m a r k s  a p p ro x im a te ly  , th e  t r a n s i t i o n  
p r e s s u r e .  B elow  th is  p r e s s u r e  th e  v e r t i c a l  b a r s  give 
the  m ag n itu d e  of th e  j i t t e r  on the  s ig n a l  f ro m  the  p h o to ­
m u l t ip l ie r .  Above the  t r a n s i t i o n ,  th e  b a r s  in d ic a te  a 
s lo w e r  " d r i f t "  of T r .
P o in ts  ob ta ined  fo r  t h r e e  r u n s ,  e ach  ru n  c o n s is t in g  
of a s e r i e s  of m e a s u r e m e n t s  w ith  th e  p r e s s u r e  i n ­
c r e a s in g ,  and a  s e r i e s  of m e a s u r e m e n t s  w ith  th e  
p r e s s u r e  d e c r e a s in g  b e tw een  m e a s u r e m e n t s ,  have  
b e e n  p lo t te d ,  to  show  the  ex ten t  of th e  la ck  of the  
r e p ro d u c e a b i l i ty  of the  e x p e r im e n ta l  c u r v e s .
M agnetic  f ie ld  
D is c h a rg e  c u r r e n t  
D ia m e te r s  of e le c t r o d e s
590 g a u ss  
15 m A
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FIG  3. 12 PE R IO D  OF ROTATION v s .  PR E SSU R E  F O R  ARGON
T h e  b r o a d  a r r o w  m a r k s ,  a p p ro x im a te ly ,  th e  t r a n s i t i o n  
p r e s s u r e .  T h e  j i t t e r  o b s e r v e d  below  the  t r a n s i t i o n  i s  
not p a r t i c u l a r ly  g r e a t  - i t  i s  to o  s m a l l  to  be m a r k e d  on 
th i s  g ra p h .
T h e  r e s u l t s  of fo u r  r u n s  a r e  p lo t ted  to  show the  ex ten t  
of th e  la c k  of r e p r o d u c e a b i l i t y  of the  e x p e r im e n ta l  
r e s u l t s .
M agnetic  f ie ld  
D is c h a rg e  c u r r e n t  
D ia m e t e r s  of e l e c t r o d e s
2 ,1 6 0  g a u s s  
15 mA
1 0 .2 ,  1 4 .0  c m .
o  o  Ja jQ o  o 'o t j
0  O z  U
oPül




































is  no r e m a r k a b l e  change  in  p o s i t io n  of the  n eg a t iv e  glow at the  
t r a n s i t i o n .
3 . 3 . 2  D e p en d en ce  of th e  t r a n s i t i o n  p r e s s u r e  on th e  
e x p e r im e n ta l  gas  (B r 5 9)
T a b le  3. 1 show s  th e  ra n g e  of p r e s s u r e s  at w hich  th e  t r a n ­
s i t io n  o c c u r r e d  in  the  v a r io u s  g a s e s  in  w hich  the  d i s c h a r g e  h a s  been  
s tu d ie d .  A lso  show n is  th e  p r e s s u r e  a t  w hich  COT = 1 fo r  e l e c t r o n s  
(CO = e l e c t r o n  c y c lo t ro n  f r e q u e n c y ,  T  = m e a n t i m e  b e tw e e n  th e  
c o l l i s io n s  of an  e le c t r o n  w ith  a  n e u t r a l  g a s  m o le c u le )  in  a m a g n e t ic  
f ie ld  of 2 ,1 6 0  g a u s s  (590 g a u s s  fo r  h y d ro g e n )  fo r  e l e c t r o n s  of e n e r g ie s  
of 1, 4 , 9 and 25 eV.
N o w ,
w h e re  /  =
v =
and CO = 
w h e re  B = 
e ,m  =
T = / / v  = (pQ P c v) 1 (3. 1)
m e a n  f r e e  p a th  of an  e l e c t r o n  
v e lo c i ty  of th e  e l e c t r o n s  
gas  p r e s s u r e ,  “ r e d u c e d 1' to  0°C
p ro b a b i l i ty  of an  e l e c t r o n  c o l l id in g  w ith  a n e u t r a l  m o le c u le  
in  p a s s in g  th ro u g h  1 c m .  of th e  gas  a t  a  p r e s s u r e  of 
1 m m . Hg. P c i s  a  fu n c tio n  of e l e c t r o n  e n e rg y  
B e / m  (3. 2)
m a g n e t ic  f ie ld
c h a r g e , m a s s  of a n  e l e c t r o n .
T h e r e f o r e
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N ow , fo r
COT - 1
p Q = B e / ( m P c v) (3 .4 )
T h e  p r e s s u r e  a t  w hich  COT = 1 w as  c a lc u la te d  f r o m  
(3 .4 )  f o r  m o n o e n e r g e t i c  e l e c t r o n s ,  no acco u n t b e in g  ta k e n  of the  
d i s t r ib u t io n  of th e  v e lo c i t i e s  of th e  e l e c t r o n s  in  th e  d i s c h a r g e .  I n ­
c lu s io n  of th e  d i s t r i b u t io n  of th e  v e lo c i t ie s  of the  e l e c t r o n s  in  th e  
c a lc u la t io n  of th e  p r e s s u r e  a t  w h ich  COT = 1 w ould re d u c e  th e  
e ffe c t  on th i s  c a lc u la t io n  of d e ep  " v a l le y s "  (such  a s  o c c u r s  f o r  a rg o n  
at low e l e c t r o n  e n e r g i e s )  and s h a r p  r e s o n a n c e s  (o b s e rv e d  f o r  n i t r o g e n )  
in  the  c u r v e s  of P c a s  a  fu n c tio n  of e l e c t r o n  e n e rg y .  (See BROWN 
(B r 5 9)). I t  i s  th e  low v a lue  of P c at low  e n e r g ie s  th a t  g iv e s  r i s e  to  
th e  e x t r e m e ly  h igh v a lu e  of th e  p r e s s u r e  show n in  th e  ta b le  f o r  1 eV 
e l e c t r o n s  in  a rg o n .
T a b le  3. 1 sh o w s  th a t  th e  t r a n s i t i o n  o c c u r s  f o r  a l l  th e  g a s e s  
s tu d ie d  a t a p r e s s u r e  of th e  o r d e r  of th a t  a t  w hich  COT = 1 fo r  
e l e c t r o n s .
(T h e  p r e s s u r e s  c a lc u la te d  f o r  1 eV e le c t r o n s  a r e  not of g r e a t  
i m p o r t a n c e ,  a s  i t  i s  doubtfu l i f  th e  m e a n  e n e rg y  of the  e l e c t r o n s  in  th e  
d i s c h a r g e  i s  th i s  low ).
T he  a g r e e m e n t  i s  w o r s t  f o r  h y d ro g e n ,  w h e re  m e a s u r e m e n t s  
w e re  m a d e  in  a  low m a g n e t ic  f ie ld .
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3 .4  T H E  IN F L U E N C E  OF THE RADII OF T H E  E L E C T R O D E S ,
AND THE PO L A R IT Y  OF T H E  C E N T R E  E L E C T R O D E , ON 
T H E  BEHAVIOUR OF THE DISCHARGE
T h e  r e s u l t s  d i s c u s s e d  in  s e c t io n  2. 3 in d ic a te  th a t  the  ca th o d e  
re g io n  m ay  c o n t ro l  th e  v e lo c i ty  of the  d i s c h a r g e .  A study in  the  
Mk. II c h a m b e r  of th e  m o tion  of the  d i s c h a r g e  a ro u n d  e le c t r o d e s  
of w ide ly  d i f f e r e n t  r a d i i  can  be  u s e d  to  c o n f i rm  th i s  o b s e r v a t io n .
It  i s  a s s u m e d  th a t  e l e c t r o d e s  of d i a m e t e r s  d^ (the i n n e r  
e le c t r o d e )  and d 2 (the o u te r  e l e c t r o d e ) a r e  in s t a l l e d  in  th is  c h a m b e r ,  
th e  i n n e r  e l e c t r o d e  b e in g  n eg a tiv e  w ith  r e s p e c t  to  th e  o u te r ,  i . e .  , 
i t  i s  th e  c a th o d e  (see  f ig u re  3. 13(a)).
F|G 3 1 3  REVERSAL OF THE POLARITY OF THE
CENTRE ELECTRODE
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If th e  v e lo c i ty  i s  c o n t ro l le d  by the  c a th o d e  re g io n  of the  d i s c h a r g e ,  
th e n  th e  p e r io d  of r o ta t io n  of the  d i s c h a r g e ,
T r l  = rv d 1/ v  (3. 5)
w h e re  v = v e lo c i ty  of th e  d i s c h a r g e  a long  the  ca th o d e .
Now , if the  p o la r i ty  of the  e l e c t r o d e s  i s  r e v e r s e d  so  th a t  
th e  o u t e r  e le c t r o d e  i s  now th e  ca th o d e  (see  f ig u re  3. 13(b)), th e  
p e r io d  of r o ta t io n ,
T r2  = ^  d 2^V (3 -6 )
v b e in g  th e  s a m e  a s  when th e  in n e r  e l e c t r o d e  w as  th e  c a th o d e  if
the  c a th o d e  re g io n  a lone  d e t e r m in e s  th e  v e lo c i ty  of th e  d i s c h a r g e .
T h u s , if  th e  ca th o d e  re g io n  c o n t ro l s  the  v e lo c i ty  of the
d i s c h a r g e ,
T r i / T r 2 = d i / d 2 (3 * 7)
T he  p e r io d  of r o ta t io n  w as  m e a s u r e d  a s  a  fu n c tio n  of 
p r e s s u r e  fo r  a d i s c h a r g e  in  n i t ro g e n  b e tw e e n  e le c t r o d e s  of 
5. 08 c m . (2") and 1 1 .4  c m .  (4^") d i a m e t e r ,  w ith  the  in n e r  
e le c t r o d e  b o th  p o s i t iv e  and n e g a t iv e .  A bove the  t r a n s i t io n  T r  ^
w as  qu ite  m a rk e d ly  l e s s  th a n  T r g (see  s e c t io n  3. 4. 1), ( in d ica t in g  
th a t  th e  ca th o d e  re g io n  d o e s  in d eed  c o n t ro l  the  v e lo c i ty  of the  
d i s c h a r g e ) ,  bu t not to  the  e x ten t  e x p ec te d  f r o m  equation  (3. 7).
T h is  d is c r e p a n c y  could  o c c u r  fo r  t h r e e  r e a s o n s :
I T h e  c o n tro l l in g  re g io n  of the  d i s c h a r g e  i s  no t  at th e  
s u r f a c e  of the  c a th o d e ,  b u t  so m e  d is ta n c e  A r  beyond  th e  s u r f a c e .
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If th i s  i s  the  c a s e  th e n  equ a tio n  (3. 7) m u s t  be  m o d if ied  to  r e a d
T r l / T r2  = (d i  + 2 A r )  (d2 - 2 A r ) .  (3 .8 )
II T h e  p r o p e r t i e s  of the  ca th o d e  re g io n ,  and th e  v e lo c i ty  a t 
w h ich  it  m o v e s  m ay  be  d i f f e r e n t  when the ca th o d e  i s  th e  o u te r  
e l e c t r o d e ,  th a n  w hen i t  i s  th e  in n e r  e l e c t r o d e .  T he  c u r v a tu r e  of 
the  e l e c t r o d e s ,  and th e  "v ac u u m "  e l e c t r i c  fie ld  a t  th e  s u r f a c e  of 
the  e l e c t r o d e s  a r e  d i f f e r e n t  fo r  the  two c a s e s .
I l l  T he  d i s c h a r g e  m ay  no t m ove w ith  a v e lo c i ty  d e te r m in e d  
so le ly  by the  c a th o d e  re g io n .  T h is  re g io n  m ay r e c e iv e  an  i n c r e m e n t  
of v e lo c i ty  o v e r  th a t  w hich  i t  w ould  have  if  i t  a lone  c o n t r o l le d  the  
v e lo c i ty  of th e  d i s c h a r g e  d e te r m in e d  by th e  o th e r  r e g io n s  of th e  
d i s c h a r g e ,  i . e .  , i t  i s  " d ra g g e d  a long"  by th e  p o s i t iv e  c o lu m n  o r  
c a th o d e  re g io n  of the  d i s c h a r g e .  T h is  i n c r e m e n t  cou ld  p o s s ib ly  be  
g r e a t e r  w hen th e  ca th o d e  i s  th e  o u te r  e l e c t r o d e ,  th a n  w hen  i t  i s  th e  
in n e r  e le c t r o d e .
If th e  ca thode  re g io n  m oved  w ith  a  v e lo c i ty  v ,  i f  i t  w as  not 
d ra g g e d  along by the  r e m a i n d e r  of the  d i s c h a r g e ,  and the  p o s i t iv e  
co lu m n  m oved  w ith  a v e lo c i ty  u , i f  i t  w as  not c o n s t r a in e d  by th e  
ca thode  r e g io n ,  then :
If the  c e n t r e  e le c t r o d e  of r a d iu s  r-, , w as  n e g a t i v e , th e  
ca thode  re g io n  would m ove  w ith  an a n g u la r  v e lo c i ty  v / r ^ .  (See 
f ig u re  3. 14(a)). T h e  p o s i t iv e  c o lu m n  would m ove  w ith  an  a n g u la r
v e lo c i ty  u / r ,  w h e re  r  i s  b e tw e e n  r^  and  r 2 , th e  r a d iu s  of th e  o u te r  
e l e c t r o d e .
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FIG 3-14 THE AUGMENTATION OF THE VELOCITY 
OF THE CATHODE REGION
The ra te -o f-c h a n g e  of the angle betw een  th ese  r e g io n s ,  
which g iv e s  a m e a su re  of the rate  at which th ese  reg ion s s e p a r a te ,
0  ^ = u / r - v / r ^ (3 .9 )
S im ila r ly ,  i f  the cen tre  e lec tro d e  w as p o s it iv e ,  the rate at which
th ese reg ion s  would sep a ra te ,
9 2 = u / r  - v / r 2 (3 .1 0 )
(See figure  3. 14(b)).
Now , if  it i s  a ssu m ed  that
u / r  > v/r-j^ (3 .1 1 )
then 9 i  < e 2 (3 .1 2 )
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b e c a u s e  r-  ^ <  r2
i.  e .  , th e  p o s i t iv e  co lu m n  w ould m o v e  a h e a d  of th e  ca thode  re g io n  
at a  g r e a t e r  r a t e  if  th e  c e n t r e  e l e c t r o d e  w a s  n e g a t i v e , th a n  if  it  
w as  p o s i t iv e .
Now obv ious ly  the  p o s i t iv e  c o lu m n  does  not con tinue  m oving 
ah ead  of the  ca th o d e  r e g io n ,  bu t e i t h e r  (i) i t  is  s lo w ed  down to  the  
v e lo c i ty  of th e  ca th o d e  r e g io n ,  (ii) th e  c a th o d e  re g io n  i s  a c c e l e r a t e d  
to  th e  v e lo c i ty  of th e  p o s i t iv e  c o lu m n ,  o r  (ii i)  th e  p o s i t iv e  co lu m n  
i s  s lo w ed  dow n, and in  a d d i t io n ,  th e  v e lo c i ty  of the  c a th o d e  re g io n  
i s  i n c r e a s e d  to  a  v e lo c i ty  g r e a t e r  th a n  th a t  a t  w hich  i t  would m ove  
if  it  a lo n e  c o n t ro l le d  the  v e lo c i ty  of th e  d i s c h a r g e ,  i . e .  , the  v e lo c i ty  
of the  ca th o d e  re g io n  i s  a u g m e n te d  b e c a u s e  th i s  re g io n  i s  d ra g g e d  
along  by th e  r e m a i n d e r  of th e  d i s c h a r g e .
T h e  e x p e r im e n ta l ly  o b s e r v e d  d i f f e r e n c e  b e tw ee n  T   ^ and 
T r 2 e x c lu d e s  th e  p o s s ib i l i ty  of th e  c a th o d e  re g io n  be ing  a c c e l e r a t e d  
to  th e  v e lo c i ty  of the  p o s i t iv e  c o lu m n ,  u ; (p o s s ib i l i ty  (ii) a b o v e) ,  in  
w hich  c a s e  and T g would be e q u a l .  H o w ev e r  the  e x p e r im e n ta l  
r e s u l t s  a r e  not th o se  th a t  w ould b e  e x p e c te d  if the ca th o d e  re g io n  
a lone  c o n t ro l le d  the  v e lo c i ty  of th e  d i s c h a r g e  (p o ss ib i l i ty  (i)).
It i s  su g g e s te d  th a t  the  v e lo c i ty  of the  ca th o d e  re g io n  i s  
a u g m en ted  by th e  p o s i t iv e  c o lu m n  of th e  d i s c h a r g e ,  the  a u g m e n ta t io n  
b e ing  g r e a t e r ,  the  g r e a t e r  th e  d e g r e e  to  w h ich  th e  a n g u la r  v e lo c i ty  
of the  p o s i t iv e  co lu m n  m u s t  be  r e d u c e d  to  b e  eq u a l  to  th a t  of the
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c a th o d e  re g io n ,  i . e .  , th e  g r e a t e r  th e  r a t e  a t  w hich  t h e s e  r e g io n s  
would s e p a r a t e  if  th ey  w e re  ab le  to  m ove in d e p en d en tly .
Now , a s
0 X <  02 (3 .12 )
th e n ,  if th i s  i s  th e  c a s e ,  th e  a u g m e n ta t io n  w ill  be  g r e a t e r  f o r  the  
c e n t r e  e le c t r o d e  p o s i t iv e ,  th an  f o r  the  c e n t r e  e le c t r o d e  n e g a t iv e .
If th is  i s  s o ,  th e n  th e  a u g m e n ta t io n  of the  v e lo c i ty  w ill  e x p la in  why 
th e  o b s e rv e d  r a t i o  T r ^ /T  2 is  l a r g e r  th an  the  r a t io  d ^ / d ^  ( see  
s e c t io n  3 .4 .  1). ( c e n tre  n e g a tiv e )  and ( c e n t re  p o s i t iv e )
w ill  both be r e d u c e d  o v e r  the  v a lu e s  g iven  by th e  s im p le  th e o ry  
invo lv ing  p u re  ca th o d e  c o n t ro l .  (See e q u a tio n s  (3. 5) and (3 .6 ) ) ,  but 
b e c a u s e  th e  a u g m e n ta t io n  i s  g r e a t e r  f o r  a  p o s i t iv e  c e n t r e  e l e c t r o d e ,
T r 2 w ill  be r e d u c e d  by m o re  th a n  T
A rg u m e n ts  th a t  would apply i f  the  anode  re g io n  w as  the  
r e g io n  of th e  d i s c h a r g e  th a t  m u s t  be p re v e n te d  f r o m  m oving  ah ead  
of the  ca th o d e  r e g io n ,  g ive  a s i m i l a r  r e s u l t .
T h e  w e a k n e s s e s  of th i s  a rg u m e n t  a r e :
(i) It i s  a s s u m e d  th a t ,  if th e  v a r io u s  r e g io n s  of the  d i s c h a r g e  
could m ove in d e p e n d e n t ly ,  the  r e m a i n d e r  of th e  d i s c h a r g e  w ould 
m ove ahead  of the  c a th o d e  re g io n .  T h e  only ju s t i f ic a t io n  f o r  th i s  
a s s u m p t io n  is  the  o b s e r v e d  sh ap e  of th e  d i s c h a r g e ,  th e  d e te r m in a t io n  
of w hich  i s  d e s c r ib e d  in  s e c t io n  2. 1 .4 .  T h e  l ig h t  in te n s i ty  c o n to u r  
d ia g r a m s  show th a t  th e  anode re g io n  and p o s i t iv e  c o lu m n  a r e  ah ead
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of th e  ca th o d e  r e g io n ,  su g g e s t in g  th a t  the  ca thode  re g io n  i s  d ra g g e d  
a long  by the  r e m a i n d e r  of the  d i s c h a r g e  o r  the  r e m a i n d e r  of th e  
d i s c h a r g e  i s  h e ld  b a c k  by the  ca th o d e  re g io n .
(ii) T h e r e  i s  no sound  b a s i s  fo r  the  a s s u m p t io n s  th a t  (a) the  
r e m a i n d e r  of th e  d i s c h a r g e  a u g m e n ts  th e  v e lo c i ty  of the  ca th o d e  
re g io n ,  and (b) th e  a u g m e n ta t io n  i s  g r e a t e r ,  th e  g r e a t e r  th e  r a t e  
at w h ich  t h e s e  r e g io n s  would s e p a r a t e  if  they cou ld  m ove  in d ep en d e n t ly .
(ii i)  A lthough  a change  of c h a r g e  d e n s i ty ,  o r  e l e c t r i c  f ie ld  d i s ­
t r i b u t io n  would g ive  a m e c h a n is m  w h e reb y  the  v e lo c i ty  of th e  ca th o d e  
re g io n  could  b e  a u g m e n te d ,  and th e  r e m a i n d e r  of the  d i s c h a r g e  s low ed  
dow n, th is  th e o ry  i s  not b a se d  on a sp e c if ic  m e c h a n is m  of th i s  ty p e .
3 .4 .  1 T he  m o tio n  of a  long  d i s c h a r g e
F i g u r e  3. 15 show s p e r io d  of r o t a t i o n / p r e s s u r e  c u r v e s  
ob ta ined  fo r  a  d i s c h a r g e  in  n i t ro g e n  ro ta t in g  a ro u n d  the  gap b e tw e e n  
e le c t r o d e s  of 5. 08 c m .  (2") and 1 1 .4  cm . (4-2") in  a f ie ld  of 1, 100 
g a u s s .  Above the  t r a n s i t i o n , T r  ^ (the p e r io d  of ro ta t io n  w ith  th e  
c e n t r e  e le c t r o d e  n eg a t iv e )  i s  l e s s  th a n  T ^  (the p e r io d  with th e  c e n t r e  
e le c t ro d e  p o s i t iv e ) .  T h is  in d ic a te s  th a t  the ca th o d e  reg io n  c o n t r o l s  
the  v e lo c i ty  of th e  d i s c h a r g e .
H o w ev e r  T . / T  „ >  d / d _  (3 .1 3 )r l  r2  1 2
not = d 1/ d 2 (3. 7)
as would be  e x p e c te d  if  a  r e g io n  at the  s u r f a c e  of the  ca th o d e
m oved w ith c o n s ta n t  v e lo c i ty  in  bo th  c a s e s .
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FIG  3 .1 5  PE R IO D  O F ROTATION v s .  PR E S S U R E  F O R  N ITRO G EN
LONG DISCHARGE
M agnetic  f ie ld  - 1 ,1 0 0  g a u ss  
D is c h a rg e  c u r r e n t  - 15 mA,
E a c h  s e t  of p o in ts  c o n s i s t s  of the  r e s u l t s  of two r u n s , 
e ac h  ru n  c o n s is t in g  of a s e r i e s  of m e a s u r e m e n t s  m ad e  
w ith  the  p r e s s u r e  i n c r e a s in g ,  and a s e r i e s  m ad e  w ith  











































T a b le  3. 2 g iv e s  v a lu e s  of th e  r a t io  T ^ / T ^ g  o b ta ined  f ro m  
th e  above c u r v e s ,  and A r  c a lc u la te d  f r o m  T ^ / T ^  (see  equation  
3. 8). T h e  v a lu e s  of T r  ^ o b ta in ed  f o r  one ru n  of th e  s e r i e s  w e re  
e x c lu d e d  w hen  m ak in g  c a lc u la t io n s  , b e c a u s e  th e s e  v a lu e s  d i f f e r  
g r e a t ly  f r o m  th o s e  o b ta in ed  f o r  o th e r  r u n s  of the  s e r i e s  ( s e e  f ig u re  
3. 15). Had th e s e  p o in ts  b e en  in c lu d e d ,  th e  r a t io  T r ^ /T  g would 
have  b e e n  s l ig h t ly  c l o s e r  to  th e  r a t i o  d ^ /d ^ .
T h e  len g th  of th e  ca th o d e  re g io n  of a n o r m a l  glow d i s c h a r g e , 
and th e  le n g th  of th e  n eg a tiv e  glow , a r e  a lso  ta b u la te d .  T h e  f o r m e r  
w as  ob ta in ed  f r o m  BROWN (B r  5 9) f o r  a n i t ro g e n  glow d is c h a r g e  on 
an  i r o n  c a th o d e .  (V alues  f o r  c o p p e r  w e re  no t a v a i la b le .  I r o n  g iv e s  
a lo n g e r  ca th o d e  fa l l  f o r  n i t r o g e n  th a n  the  o th e r  ca th o d e  m a t e r i a l s  
fo r  w hich  th i s  p a r a m e t e r  i s  ta b u la te d ) .  M e a s u r e m e n ts  by 
G Ü N T H E R SC H U L Z E  (Gu 24) in d ic a te  th a t ,  at th e  p r e s s u r e  a t  w h ich  
t h e s e  m e a s u r e m e n t s  w e re  m a d e ,  th e  m a g n e t ic  f ie ld  w ill  c a u s e  only 
a m in o r  d e c r e a s e  of the  leng th  of the  ca th o d e  fa l l  r e g io n .  T h e  
len g th  of the  n e g a t iv e  glow w as  c o m p u te d  f r o m  d a ta  g iven  by 
B R E W E R  and W ESTH A V ER  (B r  37, F r  56) by m ak in g  u s e  of the  
S im i la r i ty  P r in c i p l e  ( F r  56). No r e f e r e n c e  h a s  b e e n  found in  th e  
l i t e r a t u r e  to  th e  in f lu en ce  of a m a g n e t ic  f ie ld  on th e  len g th  of th e  
n eg a tiv e  glow. M e a s u r e m e n ts  of th e  d is ta n c e  f r o m  the ca th o d e  to  
the  f a r  edge of th e  n eg a t iv e  glow of a  glow d i s c h a r g e  d r iv e n  a long  
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i s  d e s c r ib e d  b r ie f ly  in  A ppendix  3) in d ic a te  th a t  the  le n g th  i s  d e c r e a s e d ,  
b u t  no t g r e a t l y ,  by th e  m a g n e t ic  f ie ld .
T a b le  3. 2 r e v e a l s  th a t  A r ,  the  d is ta n c e  of the  c o n tro l l in g  
r e g io n  f r o m  th e  c a th o d e ,  i s  m uch  g r e a t e r  th an  the  d is ta n c e  f r o m  the 
ca th o d e  to  the  b o u n d a ry  b e tw ee n  the  n e g a t iv e  glow and th e  F .  D .S .  
T h e r e f o r e ,  if th e  a s s u m p t io n  of the e x is t e n c e  of a  c o n t ro l l in g  re g io n  
A r  f r o m  the  c a th o d e  i s  c o r r e c t ,  th e  c o n t ro l l in g  re g io n  m u s t  be  
b eyond  th e  n e g a t iv e  glow - i . e .  , in  the  F . D . S .  , o r  th e  p o s i t iv e  
c o lu m n .  No d a ta  i s  a v a i la b le  on the  le n g th  of th e  F . D . S .  H o w e v e r ,  
in  the  a b se n c e  of a m a g n e t ic  f ie ld ,  i t  i s  not m u ch  g r e a t e r  th an  th e  
len g th  of th e  n e g a t iv e  glow. T h u s  i t  a p p e a r s  th a t  the  above a s s u m p ­
tio n  i s  not c o r r e c t .  T he  c o n t ro l l in g  re g io n  would a lm o s t  c e r t a in ly  
be in  th e  p o s i t iv e  c o lu m n  if th i s  w as  s o ,  in  w h ich  c a s e  th e  d i f f e r e n c e  
in  the  p e r io d  of r o ta t io n  on r e v e r s i n g  the  p o la r i ty  of the  c e n t r e  
e le c t r o d e  can n o t be ex p la in ed . (E ven  i f  the  F . D . S .  w as of su ch  a 
len g th  th a t  the  c o n tro l l in g  re g io n  w as  in  th e  F . D . S .  , it i s  doubtfu l 
if  t h i s  r e s u l t  w ould  be  of s ig n i f ic a n c e .  T h e  n a tu r e  of the  F . D . S .  - 
a r e g io n  w ith  p r o p e r t i e s  m idw ay b e tw ee n  th o s e  of th e  n e g a t iv e  glow 
and th e  p o s i t iv e  co lu m n  - i s  su ch  th a t  i t  i s  d if f icu l t  to  c o n ce iv e  the  
v e lo c i ty  be ing  c o n t ro l le d  by th i s  r e g io n  of th e  d i s c h a r g e ) .
T h is  d i s c u s s io n  sh o w s  th a t  i t  could  not be  u n r e a s o n a b le  to  
d i s c a r d  the  a s s u m p t io n  of th e  e x is t e n c e  of a  c o n t ro l l in g  re g io n  a t  
a  d is ta n c e  A r  f r o m  th e  c a th o d e ,  in  fa v o u r  of th e  a s s u m p t io n  th a t
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th e  v e lo c i ty  of th e  ca th o d e  re g io n  i s  a u g m en ted  due to  th i s  r e g io n  
b e in g  d ra g g e d  a long  by th e  r e m a i n d e r  of th e  d i s c h a r g e .
E x p e r im e n t s  in  a m a g n e t ic  f ie ld  of 590 g a u s s  g ive  a  s i m i l a r  
r e s u l t .  T h e s e  m e a s u r e m e n t s  a r e  of lo w e r  a c c u r a c y  th a n  th o s e  
d e s c r ib e d  a b o v e ,  b e c a u s e  of th e  in s ta b i l i ty  of the  m a g n e t  e n c o u n ­
t e r e d  a t  low f ie ld s .  T he  r e s u l t s  a r e  a l s o  ta b u la te d  in  ta b le  3. 2.
A s i m i l a r  ch an g e  of the  p e r io d  of ro ta t io n  w hen th e  p o la r i ty  
of th e  c e n t r e  e l e c t r o d e  w as r e v e r s e d  w as  found f o r  a fie ld  of 2 ,1 6 0  
g a u s s .  H o w e v e r ,  th e  p r e s e n c e  of a n o th e r  p h en o m en o n  - th e  s low ly  
r o ta t in g  " s p o k e s "  d i s c u s s e d  in  s e c t io n  3 . 9 -  p r e v e n t s  a  s ig n if ic a n t  
c o m p a r i s o n  of T ^  and  T g*
B elow  th e  t r a n s i t i o n ,  the  two s e t s  of p o in ts  a r e  c lo s e  t o ­
g e th e r  (see  f ig u r e  3. 15). i . e .  , th e  d i s c h a r g e  m o v e s  at e s s e n t i a l ly  
the  s a m e  v e lo c i ty  , in d ep en d e n t  of th e  p o la r i ty  of the  c e n t r e  e l e c t r o d e .  
T h e r e  a r e  few e x p e r im e n ta l  p o in ts  be lo w  th e  t r a n s i t i o n ,  b e c a u s e  th e  
d i s c h a r g e  b e c o m e s  c o n s t r i c t e d  at h ig h e r  p r e s s u r e s  fo r  the  s m a l l  
(5. 08 c m . ) c e n t r e  e le c t r o d e  u s e d  f o r  t h e s e  e x p e r im e n t s .  B e c a u s e  
of th e  s c a r c i t y  of e x p e r im e n ta l  p o in t s ,  and  th e  l a r g e  j i t t e r  th a t  
o c c u r s  when th e  gap i s  long , T r  ^ and  T r 2 c an n o t be a c c u r a te ly  c o m ­
p a r e d .  H o w ev e r  the  d a ta  in d ic a te s  th a t  th e  p e r io d  f o r  a n e g a t iv e  
c e n t r e  e l e c t r o d e ,  T p  is  g r e a t e r  th a n  th a t  f o r  a p o s i t iv e  c e n t r e  
e l e c t r o d e ,  T g »  T h i s  is  th e  o p p o s ite  to  th e  r e s u l t  o b s e r v e d  above 
the  t r a n s i t i o n ,  and  in d ic a te s  th a t  the  anode  re g io n  m ay  h av e  an
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i m p o r t a n t  in f lu en c e  on the  v e lo c i ty  of th e  d i s c h a r g e  below the  
t r a n s i t i o n .
3 . 4 . 2  T h e  m o tio n  of s h o r t  d i s c h a r g e s
T h e  e x p e r im e n ta l  p e r i o d / p r e s s u r e  c u rv e  fo r  a n i t ro g e n  
d i s c h a r g e  b e tw e e n  e l e c t r o d e s  of d i a m e t e r s  of 5. 08 c m .  and 6. 35 c m .  
i s  c o m p a r e d  w ith  th a t  fo r  a  n i t ro g e n  d i s c h a r g e  b e tw e e n  e le c t r o d e s  of 
5 .0 8  and 1 1 .4  c m .  in  f ig u r e  3 .1 6 .  T h e  c e n t r e  e l e c t r o d e s ,o f  th e  
s a m e  d i a m e t e r ,  w e re  n e g a t iv e  in  bo th  c a s e s .
T h e  m o s t  s ig n if ic a n t  d i f f e r e n c e  i s  in  the  sh ap e  of the  c u rv e s  
at low p r e s s u r e s .  T he  c u rv e  f o r  the  n a r r o w  gap d o es  not fa l l  s h a rp ly  
a s  th e  p r e s s u r e  f a l l s  to  th e  t r a n s i t i o n  p r e s s u r e ,  bu t f la t te n s  out 
ju s t  above  a l e s s  m a rk e d  t r a n s i t i o n .  T h e  j i t t e r  on the  p h o to m u lt ip l ie r  
s ig n a l  i s  f a r  l e s s  th a n  f o r  w id e r  g a p s .
T he  p e r io d  of ro ta t io n ,  T r  ^ , i s  s m a l l e r  above the  t r a n s i t i o n  
fo r  the  d i s c h a r g e  a c r o s s  the  n a r r o w  g ap , th a n  fo r  th a t  a c r o s s  the 
wide gap , in d ic a t in g  th a t  th e  a u g m e n ta t io n  of th e  v e lo c i ty  i s  g r e a t e r  
in  the  f o r m e r  c a s e  th a n  in  th e  l a t t e r  c a s e .  T h is  i s  in  keep ing  w ith 
th e  m o d e l  dev e lo p ed  in  the  in t ro d u c t io n  to  th i s  s e c t io n  (3 .4 ) ,  of the  
ca th o d e  re g io n  be ing  d ra g g e d  a long  by th e  r e m a i n d e r  of th e  d i s c h a r g e .  
If the  ca thode  re g io n  a lone  c o n t ro l le d  th e  v e lo c i ty  of th e  d i s c h a r g e ,
T i w ould be  th e  s a m e  in  b o th  c a s e s .
T he  a n g u la r  v e lo c i ty  a t  w h ich  th e  r e m a i n d e r  of th e  d i s c h a r g e  
would m ove if  not c o n s t r a in e d  by th e  ca th o d e  re g io n  w ill  be  g r e a t e r
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FIG  3 .1 6 P E R IO D  O F  RO TA TION  v s .  PR E S SU R E  IN N ITROGEN 
COM PARISON O F CURVES F O R  SHORT AND 
LONG DISCHARGES - 1
M agne tic  f ie ld  - 1 ,1 0 0  g a u ss
D is c h a r g e  c u r r e n t  - 15 mA
E a c h  s e t  of p o in ts  c o n s i s t s  of the  r e s u l t s  of two ru n s .  
T h e  a r r o w  m a r k s ; a p p r o x im a te ly , the  t r a n s i t i o n  
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f o r  th e  s m a l l  g ap , b e c a u se  of the  s m a l l e r  d is ta n c e  f r o m  th e  c e n t r e  
of th e  e l e c t r o d e  s y s te m ,  to  the  c e n t r e  of the  d i s c h a r g e .  T h e  r a d iu s  
of th e  c a th o d e  i s  th e  sam e  in  both  c a s e s .  H ence  the  a n g u la r  v e lo c i ty  
of th e  c a th o d e  re g io n ,  w ould be  the  s a m e  in  b o th  c a s e s  i f  th e  m o tion  
of th i s  r e g io n  w as not in f luenced  by the  r e m a i n d e r  of the  d i s c h a r g e .  
T h e  a u g m e n ta t io n  is  a s s u m e d  to  be g r e a t e r ,  the  g r e a t e r  the  d i f f e r e n c e  
b e tw e e n  th e  a n g u la r  v e lo c i ty  of the  r e m a i n d e r  of the  d i s c h a r g e ,  if  
i t  cou ld  m ove  ah ead  of the  ca thode  re g io n ,  and th e  a n g u la r  v e lo c i ty  
of the  ca th o d e  r e g io n ,  if i t  w as not in f lu en c ed  by th e  r e m a i n d e r  of 
th e  d i s c h a r g e .  T h is  d i f f e r e n c e ,  and h e n c e  th e  a u g m e n ta t io n ,  w il l  b e  
g r e a t e r  f o r  the  s m a l l  gap.
T h e s e  r e s u l t s  show  without any doubt th a t  the  m o tio n  of the  
d i s c h a r g e  m ay  be in f lu en ced  by re g io n s  o th e r  th a n  th e  ca th o d e  re g io n .  
T h e  o b s e r v e d  d i f f e r e n c e  b e tw een  T  ^ f o r  the  two gap le n g th s ,  th e  
s i z e  and g e o m e t ry  of the  ca thode  be ing  u n c h an g e d ,  c an n o t be  e x ­
p la in e d  in  t e r m s  of:
I T he  re g io n  of the  d is c h a rg e  th a t  c o n t r o l s  th e  v e lo c i ty  b e in g  
A r  f r o m  th e  c a th o d e ,  A r  be in g  d i f f e r e n t  in  bo th  c a s e s .
II T he  p r o p e r t i e s  and ve loc ity  of the  c a th o d e  r e g io n  b e in g  
d i f f e r e n t  f o r  th e  tw o c a s e s .
A n o th e r  o b s e r v a t io n  not in c o n s i s te n t  w ith  th i s  p ic tu r e  is :
F o r  e l e c t r o d e s  as  ab o v e , but w ith  th e  o u te r  e l e c t r o d e  the
c a th o d e  in  the  c a s e  of the  n a r r o w  g ap , th e  p e r io d s  of ro ta t io n  a r e
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s u b s ta n t i a l ly  th e  s a m e ,  above th e  t r a n s i t i o n ,  f o r  b o th  th e  w ide and 
th e  n a r r o w  g a p s .  T h is  i s  show n in  f ig u re  3 .1 7 .  T h i s  o b s e r v a t io n  
c a n  be  e x p la in e d  i f  the  a u g m e n ta t io n  i s  g r e a t e r  fo r  th e  n a r r o w  g a p ,  
f o r  r e a s o n s  s i m i l a r  to  th o s e  d i s c u s s e d  abo v e . W e re  t h e r e  no a u g ­
m e n ta t io n  th e  p e r io d  of r o ta t io n  would be g r e a t e r  f o r  the  n a r r o w  g a p ,  
b e c a u s e  of th e  g r e a t e r  d i a m e te r  of th e  ca th o d e  in  th i s  c a s e  - s e e  
f ig u r e  3 .1 7 .
3 .4 .  3 T he  m o tio n  of a  d i s c h a r g e  of m e d iu m  len g th
T h e  p e r i o d / p r e s s u r e  c u rv e  ob ta in ed  when a n i t r o g e n  d i s ­
c h a r g e  w as  ru n  b e tw ee n  e l e c t r o d e s  of 10. 2 and 14. 0 c m .  in  d i a m e t e r  
w ith  the  c e n t r e  e le c t ro d e  n e g a t iv e ,  i s  show n in  f ig u re  3. 18. T he  
s h a p e  of th is  c u rv e  i s  s i m i l a r  to  th o s e  f o r  a  n i t ro g e n  d i s c h a r g e  a c r o s s  
a  long  g ap , bu t the  j i t t e r  on the  s ig n a l  f r o m  th e  p h o to m u l t ip l ie r  o b ­
s e r v e d  w hen th e  d i s c h a rg e  w as ro ta t in g  in  th e  J  m ode  , w as  c o n s id e ra b ly  
r e d u c e d .
A c o m p a r i s o n  of th i s  c u rv e  w ith th a t  o b ta in ed  f o r  a  d i s c h a r g e  
b e tw e e n  e le c t r o d e s  of 5 .0 8  and 1 1 .4  c m .  in  d i a m e t e r ,  w ith  th e  c e n t r e  
e l e c t r o d e  p o s i t iv e  ( th is  c u rv e  i s  a l s o  show n in  f ig u re  3 .1 8 )  r e v e a l s  
th a t  th e  p e r io d  i s  s l ig h tly  s h o r t e r  in  th e  l a t t e r  c a s e .  If the  ca th o d e  
r e g io n  a lone  c o n t ro l le d  th e  v e lo c i ty  of the  d i s c h a r g e ,  th e  p e r io d  of 
r o ta t io n  would be  s m a l l e r  fo r  the  m e d iu m  le n g th  g ap , b e c a u s e  th e  
d i a m e t e r  of the  ca th o d e  i s  l e s s  in  th i s  c a s e  (see  f ig u r e  3. 18). T he  
o b s e r v e d  r e s u l t  c an  b e  ex p la in ed  in  t e r m s  of a g r e a t e r  a u g m e n ta t io n
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FIG  3. 17 PE R IO D  O F RO TA TION  v s .  PR E SSU R E  IN N ITRO G EN  
CO M PARISO N  O F CU RV ES F O R  SHORT AND 
LONG DISCHARGES - II
M agnetic  f ie ld  - 1 , 100  g a u ss
D is c h a rg e  c u r r e n t  - 15 mA
E a c h  s e t  of p o in ts  c o n s is ts  of th e  r e s u l t s  of tw o ru n s .
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FIG  3. 18 PE R IO D  O F R O TA TIO N  v s .  PR E S SU R E  IN N ITRO G EN  
COM PARISON O F CURVES F O R  M E D IU M -L E N G T H  
AND LONG DISCHARGES
M agne tic  f ie ld  - 1 ,1 0 0  g a u s s
D is c h a r g e  c u r r e n t  - 15 mA
C u rv e  "A" c o n s i s t s  of th e  r e s u l t  of one ru n  only. 
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of th e  v e lo c i ty  f o r  the  long d i s c h a r g e .  T h e  d is ta n c e  to  the  c e n t r e  
of t h e  d i s c h a r g e  f r o m  the  c e n t r e  of the  e l e c t r o d e  s y s t e m  is  s m a l l e r  
fo r  th e  long g ap , and h e n c e ,  f o r  r e a s o n s  d i s c u s s e d  in  s e c t io n  
3 .4 .  2, th e  a u g m e n ta t io n  of the  v e lo c i ty  of th e  ca thode  r e g io n  w ill  
be  g r e a t e r .
W hen r o ta t in g  in  th e  J  m o d e ,  th e  p e r io d  f o r  th e  m e d iu m  
le n g th  d i s c h a r g e  i s  a p p ro x im a te ly  t h r e e  t i m e s  th a t  f o r  th e  long  
d i s c h a r g e .  A c o m p a r i s o n  of th i s  r a t i o ,  w ith  the  r a t io  of th e  m e a n  
d i a m e t e r s  of the  g a p s ,  and th e  d i a m e t e r s  of the  an o d es  f o r  the  tw o  
g e o m e t r i e s ,  in d ic a te s  th a t  be lo w  th e  t r a n s i t i o n ,  th e  anode  re g io n  
c o n t r o l s  the  v e lo c i ty  of the d i s c h a r g e  - s e e  ta b le  3 .3 .
3 . 4 . 4  T h e  sh ap e  of a long  d i s c h a r g e
T h e  c o n c e p t  of the  a u g m e n ta t io n  of th e  v e lo c i ty  of th e  
c a th o d e  re g io n ,  in t r o d u c e d  in  th i s  s e c t io n ,  im p l i e s  th a t  th e  p o s i t iv e  
c o lu m n  and the an o d e  re g io n  of th e  d i s c h a r g e  m ove  a ro u n d  th e  gap  
ah ea d  of the  ca th o d e  reg io n .  T h e s e  r e g io n s  w e re  o b s e r v e d  to  m ove  
ah ead  of the  ca th o d e  re g io n  in  th e  " R a c e t r a c k "  c h a m b e r ,  th i s  be in g  
one of th e  r e a s o n s  f o r  the  in t ro d u c t io n  of th i s  c o n cep t .
In c a s e s  w h e r e  the  a u g m e n ta t io n  of th e  v e lo c i ty  i s  d i f f e r e n t ,  
i t  w ould  be  ex p ec te d  th a t  the  d e g re e  to  w h ich  the  r e m a i n d e r  of th e  
d i s c h a r g e  i s  ah ea d  of the  ca thode  re g io n  w ould be  d i f f e r e n t .  T h i s  
is  d e m o n s t r a t e d  in  f ig u r e  3. 19, w h ich  show s two p a i r s  of l ig h t  in te n s i ty  
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FIG  3. 19 T H E  SHAPES OF LONG DISCHARGES IN T H E  MK II
CH A M BER
M agnetic  f ie ld  
D is c h a rg e  c u r r e n t  
G as
D ia m e te r s  of e l e c t r o d e s
1 ,1 0 0  g a u s s  
15 m A . 
N i t ro g e n  
5 .0 8 ,  1 1 .4  c m .
T h e  d is ta n c e  of t r a v e l  of th e  m o v ab le  v iew ing  h o le  w as  
su ch  th a t  i t  w as not p o s s ib le  to  m ove  the  c a r r i a g e  so  





C e n t r e  E le c t r o d e  P o s i t iv e  
P r e s s u r e  
C e n t re  E le c t r o d e  N eg a tiv e  
P r e s s u r e
C e n t re  E le c t r o d e  P o s i t iv e  
P r e s s u r e  
C e n t re  E le c t r o d e  N eg a tiv e  
P r e s s u r e
14. 2 m m . Hg.
14. 1 m m  . Hg.
19. 5 m m . Hg.
1 9 .5  m m . Hg.
FIG 3-19 SHAPES OF DISCHARGES IN Mk H  CHAMBER
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s e c t i o n  2 .4 .  T h e  shape  of a d i s c h a r g e  b e tw e e n  e l e c t r o d e s  of 5. 08 
and  1 1 .4  c m .  d i a m e te r ,  w as d e te r m in e d  w ith  the  c e n t r e  e le c t r o d e  
b o th  p o s i t iv e  and n eg a t iv e .  F i g u r e s  3. 19 (a) and (c) w h ich  a r e  
c o n to u r  d ia g r a m s  ob ta ined  when th e  c e n t r e  e le c t r o d e  w as  p o s i t iv e ,  
sh o w , in  the  p o s i t iv e  co lu m n  r e g io n  of th e  d i s c h a r g e ,  a  m u ch  g r e a t e r  
s lo p e  a t  th e  le ad in g  edge th a n  3. 19 (c) and (d), w hich  g ive  th e  sh ap e  
f o r  th e  c e n t r e  e le c t ro d e  n e g a t iv e .  T h e  m e a s u r e d  v a lu e s  of T r  ^ and 
T ^2 f ° r  a n i t r o g e n  d i s c h a rg e  m oving  a ro u n d  th i s  gap ( th e se  m e a s u r e ­
m e n ts  a r e  d i s c u s s e d  in  s e c t io n  3 .4 .  1), r e v e a le d  th a t  th e  a u g m e n ta t io n  
of th e  v e lo c i ty  of th e  ca thode  re g io n  w as g r e a t e r  w ith  th e  c e n t r e  
e le c t r o d e  p o s i t iv e ,  th an  w ith  th e  c e n t r e  e le c t r o d e  n e g a t iv e .  T h u s  the  
o b s e r v a t io n  of a  g r e a t e r  s lope  in  the  f o r m e r  c a s e  i s  in  k e ep in g  w ith  
th e  a s s u m p t io n  th a t  th e  r e m a in d e r  of th e  d i s c h a r g e  m o v e s  ah ead  of 
th e  ca thode  re g io n ,  and d ra g s  th is  r e g io n  b eh in d  i t .
A lthough th e  s lope  of the  p o s i t iv e  c o lu m n  i s  l e s s  fo r  th e  
c e n t r e  e le c t r o d e  n e g a t iv e ,  the  anode re g io n  l i e s  f u r t h e r  ahead  of the  
p o s i t iv e  c o lu m n  in  th i s  c a s e ,  th an  f o r  the  c e n t r e  e le c t r o d e  p o s i t iv e .  
T h i s  does  not in v a l id a te  th e  above d i s c u s s io n ,  a s  th e  anode re g io n  
can  only in f lu en ce  th e  ca th o d e  re g io n  by i t s  e f fec t  on th e  p o s i t iv e  
c o lu m n  of the  d i s c h a r g e .
3. 5 T H E  D E P E N D E N C E  OF TRANSITION PR E S SU R E  ON TH E 
MAGNETIC F IE L D
It w a s  su g g e s te d  in  s e c t io n  3. 3 th a t  the  t r a n s i t i o n  o c c u r s  
at p r e s s u r e s  n e a r  th a t  at w hich  (DT = 1. T h is  w as  ch ec k e d  by
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d e te r m in in g  th e  t r a n s i t i o n  p r e s s u r e  a s  a fu n c tio n  of m a g n e t ic  f ie ld  
f o r  d i s c h a r g e s  in  n i t ro g e n  of v a r io u s  le n g th s .  T h e  r e s u l t s  - o b ta in ed  
f r o m  a  n u m b e r  of e x p e r im e n ta l  c u r v e s  - a r e  ta b u la te d  in  T a b le  3 .4 .
A s the  m ag n e t ic  f ie ld  i n c r e a s e s ,  CO w ill  i n c r e a s e ,  and h e n ce  
th e  p r e s s u r e  a t w hich  COT = 1 w il l  i n c r e a s e .  E q u a t io n  3 .4  show s  
th a t  th e  p r e s s u r e  a t  which GJT = 1 i s  p r o p o r t io n a l  to  th e  m a g n e t ic  
f ie ld .  T h u s  i t  would be ex p ec ted  th a t  the  t r a n s i t i o n  p r e s s u r e  w ould  
b e  p r o p o r t io n a l  to  the  m a g n e t ic  f ie ld .  T h is  i s  t r u e  only f o r  th e  d i s ­
c h a r g e  a c r o s s  the  n a r ro w  gaps  (see  T a b le  3 .4 ) ,  (and, f o r  the  long 
g ap , w h e r e  m e a s u r e m e n t s  w e re  m ad e  in  a f ie ld  of 5 90 g a u s s ,  fo r  
th e  lo w e r  m a g n e t ic  f ie ld s ) .
3. 6 T H E  D E P E N D E N C E  O F T H E  PE RIO D  OF RO TA TION  ON T H E  
DISCHARGE C U RR EN T
M e a s u r e m e n ts  of the  p e r io d  of r o ta t io n  of a n i t r o g e n  d i s ­
c h a r g e  b e tw e e n  e l e c t r o d e s  of 10. 2 and 1 1 .4  c m .  w e re  m a d e  in  a f ie ld  
of 2, 160 g a u s s .  M uch of th e  e n e rg y  d i s s ip a te d  in  a glow d i s c h a r g e  
i s  t r a n s f e r r e d  to  the  c a th o d e ,  and the  gas  in  th e  ca th o d e  fa l l  r e g io n  
( F r  56). F o r  th i s  r e a s o n  th e  c e n t r e  e le c t ro d e  - the  ca th o d e  f o r  t h e s e  
e x p e r im e n t s  - wra s  w a te r  c o o le d ,  to  re d u c e  th e  change  of g a s  d e n s i ty  
due to  h e a t in g  of th e  gas  in the  v ic in i ty  of t h i s  e l e c t r o d e .
C u rv e s  of th e  p e r io d  of ro ta t io n ,  T , a s  a fu n c tio n  of d i s c h a r g e  
c u r r e n t ,  I ,  a r e  p lo t te d  in  f ig u re  3. 20. A lso  show n i s  th e  c u rv e
T r  = k /1  (3 .14 )


























































































FIG 3 .2 0  P E R IO D  O F ROTATION v s .  DISCHARGE C U R R E N T
F O R  NITROGEN
M agnetic  f ie ld  - 2 ,1 6 0  g a u s s
D ia m e t e r s  of e l e c t r o d e s  - 10 . 2 ,  1 1 .4  c m .
C u rv e  "A" c o n s i s t s  of po in ts  ob ta in ed  f r o m  one ru n  
(with m e a s u r e m e n t s  m ade  bo th  w ith  th e  c u r r e n t  
i n c r e a s i n g ,  and th e  c u r r e n t  d e c r e a s i n g ,  b e tw e e n  
m e a s u r e m e n t s ) .
C u r v e s  "B " and "C "  c o n s i s t  of p o in ts  o b ta in ed  







•  A. PRESSURE-11-2 mm. Hg
_ T r ocl" (NORMAUZED TO CURVE A )
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I ®  I
(NORMALIZED TO 
CURVE
To e i"  (NORMALIZED t o  
CURVE Q)
4 0  6 0  8 0  IOO
DISCHARGE CURRENT (mA.J
FIG 3 -2 0  X vs. DISCHARGE CURRENT
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10 m A . GUYE (Gu 21 a) o b s e rv e d  th a t ,  a t  lo w e r  c u r r e n t s  th an  
th o se  f o r  w h ich  t h e s e  m e a s u r e m e n t s  w e re  m a d e ,  th e  v e lo c i ty  w as  
p ro p o r t io n a l  to  th e  d i s c h a r g e  c u r r e n t ,  i . e .  , e q u a t io n  3. 14 h o ld s .
T h e  p r e s e n t  e x p e r im e n t s  show th a t  T r  does  not d e c r e a s e  th i s  r a p id ly  
w ith  i n c r e a s i n g  c u r r e n t .  in i t ia l ly  d e c r e a s e s  r a p id ly ,  and  th e n  
m o re  s lo w ly ,  a s  th e  c u r r e n t  i s  i n c r e a s e d  f r o m  10 m A . At a  p r e s s u r e  
of 21. 9 m m . H g, T  co n t in u e s  d e c r e a s in g  a s  th e  c u r r e n t  i s  i n c r e a s e d  
to  100 m A , bu t at lo w e r  p r e s s u r e s  i t  i n c r e a s e s  s l ig h t ly  at th e  h ig h e r  
c u r r e n t s .  T h i s  r e s u l t  i s  c o n t r a r y  to  th e  o b s e r v a t io n  of W ilso n  and  
M a r ty n ,  f o r  c u r r e n t s  of th e  o r d e r  of t e n s  of m i l l i a m p e r e s  of a  
d e c r e a s e  of d i s c h a r g e  v e lo c i ty  a s  th e  c u r r e n t  i s  i n c r e a s e d .
T h e  d i s c h a r g e  would not r o ta te  r e g u la r ly  f o r  c u r r e n t  b e lo w  
10 mA (p o ss ib ly  due  to  d i r ty  e le c t r o d e s  - ru n n in g  a t h igh  c u r r e n t s  
a c c e l e r a t e s  th e  r a t e  of fo r m a t io n  of th e  d e p o s i t  on th e  e l e c t r o d e s ) .
At p r e s s u r e s  be lo w  1 1 .2  m m . Hg e x c e s s iv e  j i t t e r  a t  h igh  c u r r e n t s  
(w here  th e  d i s c h a r g e  s w i tc h e s  f ro m  R m ode to  J  m ode)  p r e v e n ts  
a c c u r a t e  m e a s u r e m e n t  of th e  p e r io d  of ro ta t io n .
T he  w idth  of th e  d i s c h a rg e  in  the  d i r e c t i o n  of i t s  m o tion  
i n c r e a s e s  a s  the  c u r r e n t  i s  i n c r e a s e d ,  r a t h e r  th a n  the  dep th  of th e  
d i s c h a r g e  - i . e .  , th e  s ig n a l  f r o m  the  p h o to m u l t ip l ie r  b e c o m e s  
b r o a d e r .  The  v is u a l ly  o b s e rv e d  width of th e  n e g a t iv e  glow i n c r e a s e s  
a s  the  c u r r e n t  i s  i n c r e a s e d ,  bu t does  not ex ten d  on to  th e  f la t  top  
and b o tto m  s u r f a c e s  of the  ca th o d e ,  even  at th e  h ig h e s t  c u r r e n t s .
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3. 7 T H E  E L E C T R IC  F IE L D  IN T H E  PO SIT IV E  COLUMN O F  T H E  
DISCHARGE
T h e  v o l ta g e  a c r o s s  a  d i s c h a r g e  in  n i t r o g e n  b e tw een  e l e c t r o d e s  
of 10. 2 and 14. 0 c m . in  d i a m e te r ,  p lo t te d  a s  a  func tion  of g a s  p r e s s u r e ,  
i s  show n in  f ig u r e  3. 21, fo r  z e r o  m a g n e t ic  f ie ld ,  and m a g n e t ic  f ie ld s  
of 1 ,1 0 0  and 2 ,1 6 0  g a u s s .  T h e  T .  M .F .  g iv e s  r i s e  to  a  l a r g e  i n c r e a s e  
of the  v o l ta g e  a c r o s s  th e  d i s c h a r g e .  F i g u r e  3. 22 show s th e  s a m e  s e r i e s  
of c u r v e s  fo r  a d i s c h a r g e  b e tw ee n  e l e c t r o d e s  of 10. 2 and 1 1 .4  c m .  
d i a m e t e r .  T h e  T . M .F .  g ives  r i s e  to  a l e s s  m a rk e d  i n c r e a s e  of th e  
v o l ta g e  in  th i s  c a s e .  T h is  in d ic a te s  th a t  th e  T .  M .F .  i n c r e a s e s  th e  
e l e c t r i c  f ie ld  in  th e  p o s i t iv e  c o lu m n , r a t h e r  th a n  th e  ca th o d e  fa ll  
v o l ta g e  of th e  d i s c h a r g e ,  in  w hich  c a s e  th e  v o lta g e  i n c r e a s e  would be  
l a r g e  fo r  bo th  th e  s h o r t  d i s c h a r g e ,  and the  m e d iu m  len g th  d i s c h a r g e .
T he  e l e c t r i c  f ie ld  in  the  p o s i t iv e  c o lu m n  of th e  d i s c h a r g e  m ay 
be  c a lc u la te d  f ro m  th e  d i f f e re n c e  b e tw ee n  th e  v o l ta g e s  a c r o s s  the  
d i s c h a r g e  fo r  th e  twro gaps  b e tw een  the  e l e c t r o d e s .  F ig u r e  3. 23 
show s the  e l e c t r i c  f ie ld ,  co m p u ted  in  th i s  m a n n e r ,  p lo t ted  a s  a 
func tion  of p r e s s u r e .  T he  e l e c t r i c  f ie ld  i n c r e a s e s  a s  th e  p r e s s u r e  
i n c r e a s e s  and as  th e  m ag n e t ic  f ie ld  i n c r e a s e s .  T h e  l i n e a r  d e p en d en ce  
of th e  e l e c t r i c  f ie ld  on p r e s s u r e ,  o b s e r v e d  b e tw ee n  4- and 2 2 m m . Hg. 
fo r  z e r o  m a g n e t ic  f i e ld ,  i s  o b s e rv e d  above  th e  t r a n s i t i o n  p r e s s u r e  in  
th e  p r e s e n c e  of a m ag n e t ic  f ie ld .  T h e  e l e c t r i c  f i e ld /p e r io d  c u r v e s  
show a b r e a k  a t  th e  t r a n s i t i o n .
T he  i n c r e a s e  of th e  e l e c t r i c  f ie ld  w ith  m ag n e t ic  f ie ld  i s  not
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FIG  3 .2 1  DISCHARGE V O LT A G E v s .  PR E S SU R E  F O R  A 
M E D IU M -L E N G T H  DISCHARGE
D is c h a r g e  c u r r e n t  
D i a m e t e r s  of e l e c t r o d e s
15 mA
10. 2 , 1 4 . 0  cm.
ZERO MAGNETIC FIELD 
MAGNETIC FIELD -  1,100 GAUSS 












FIG 3-21 DISCHARGE VOLTAGE vs. PRESSURE-
MEDIUM LENGTH DISCHARGE
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F IG  3 .2 2 D ISC H A R G E  V O L T A G E  v s .  P R E S S U R E  F O R  A 
SH O R T D ISC H A R G E
D i s c h a r g e  c u r r e n t  - 15 m A
D i a m e t e r s  of e l e c t r o d e s  - 1 0 . 2 ,  1 1 . 4  c m .
ZERO MAGNETIC FIELD 
MAGNETIC FIELD —l#IOO GAUSS 










FIG 3 -2 2  DISCHARGE VOLTAGE vs. PRESSURE -
SHORT DISCHARGE
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FIG 3. 23 E L E C T R IC  F IE L D  IN T H E  PO S IT IV E  COLUMN 
v s .  PR E SSU R E  F O R  A N ITRO G EN  DISCHARGE
D is c h a r g e  c u r r e n t  - 15 mA
T h e  p o in ts  p lo t te d  in  th i s  d ia g r a m  w e re  d e r iv e d  
f r o m  the  v o l ta g e  c u r v e s  g iv en  in  f i g u r e s  3. 21 
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th e  r e s u l t  of a g e n e r a te d  e . m . f .  , w h ich , u n d e r  t h e s e  c o n d i t io n s ,  
w ill  i n c r e a s e  th e  v o ltag e  a c r o s s  the  d i s c h a r g e  by l e s s  th an  a v o lt .
B e c a u s e  of th e  s lope  of th e  d i s c h a r g e ,  th e  pa th  a long  w h ich  
the  c u r r e n t  flow s w ill  be g r e a t e r  th an  th e  gap  b e tw e e n  the  e l e c t r o d e s .  
T he  e l e c t r i c  f ie ld  in  the  d i r e c t io n  of c u r r e n t  f low  - w hich  i s  a  m o re  
s ig n if ic a n t  p a r a m e t e r  th a n  the  " f ie ld "  a s  m e a s u r e d  by the  above  
m e th o d  - w ill  t h e r e f o r e  be  l e s s  th an  the  m e a s u r e d  " e l e c t r i c  f ie ld " .
T h i s  m e thod  of d e te r m in a t io n  of th e  e l e c t r i c  f ie ld  in  the  
p o s i t iv e  co lu m n  of th e  d i s c h a r g e  a s s u m e s  th a t  th e  e l e c t r i c  f ie ld  
and th e  c a th o d e  and anode f a l l s ,  a r e  th e  s a m e  fo r  d i s c h a r g e s  of 
bo th  le n g th s .
T h e s e  a s s u m p t io n s ,  t r u e  fo r  a glow d i s c h a r g e  in  th e  a b s e n c e
of a m a g n e t ic  f ie ld ,  need  not n e c e s s a r i l y  be  t r u e  fo r  the  ro ta t in g
d is c h a r g e .  At p r e s s u r e s  n e a r  the  t r a n s i t i o n  p r e s s u r e ,  w h e re  th e
d i s c h a r g e s  a c r o s s  th e  two gaps m ay  be  r o ta t in g  in  d i f f e r e n t  m o d e s
(see  ta b le  3 .4 ) ,  th e  m e a s u r e d  v a lu e s  of the  e l e c t r i c  f ie ld  sh ou ld  be
r e g a r d e d  a s  s u s p e c t ,  b e c a u s e  th e s e  a s s u m p t io n s  m ay  no t be t r u e .
3. 8 T H E  IN F L U E N C E  O F E L E C T R O D E  SH A PE ON T H E  MOTION 
O F T H E  DISCHARGE
T h e  m a jo r i ty  of th e  e x p e r im e n t s  w e re  p e r f o r m e d  w ith  d i s ­
c h a r g e s  ru n n in g  b e tw e e n  f la t  e l e c t r o d e s  s i m i l a r  to  th o s e  shown in  
f ig u re  3. 2, the  ed g es  on w hich th e  d i s c h a r g e  r u n s  b e ing  c u rv e d .
A c r i t i c i s m  of th i s  g e o m e t ry  i s  th a t ,  b e c a u s e  th e  e le c t r o d e  s u r f a c e  
is  not p a r a l l e l  to  th e  m a g n e t ic  f ie ld ,  the  c u r r e n t  flow  in  th e  c a th o d e
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fa l l  r e g io n  i s  no t e v e r y w h e re  p e r p e n d ic u la r  to  the  m a g n e t ic  f ie ld .  
(T he c u r r e n t  flow in  th i s  r e g io n  i s  p e r p e n d ic u la r  to  th e  c a th o d e  
s u r f a c e  (En 55)).
E x p e r im e n t s  p e r f o r m e d  w ith  a  c y l in d r ic a l  c e n t r e  e l e c t r o d e  
th a t  e x ten d ed  th e  fu ll  dep th  of the  d i s c h a r g e  c h a m b e r  as  the  c a th o d e ,  
gave  p e r i o d / p r e s s u r e  c u r v e s  not d i s s i m i l a r  to  th o s e  o b ta in ed  w ith  
f la t  e l e c t r o d e s  of the  s ta n d a r d  d e s ig n .  A bove th e  t r a n s i t i o n  th e  
r e p ro d u c e a b i l i ty  i s  no t p a r t i c u l a r ly  good, b u t  be low  the t r a n s i t i o n ,  
r e s u l t s  of m o d e r a te ly  good r e p r o d u c e a b i l i ty  w e re  o b ta in ed .
T h i s  in d ic a te s  th a t  s a t i s f a c to r y  r e s u l t s  can  be o b ta in ed  
w ith  th e  f la t  e l e c t r o d e s  , w hich  lo c a l iz e  the  d i s c h a r g e  so  th a t  i t  
m o v e s  in  th e  p lan e  of s y m m e t r y  of th e  e l e c t r o d e s .  F ig u r e  3. 24(a), 
p h o to g ra p h s  of th e  m a rk in g s  on th e  c y l in d r i c a l  c a th o d e  due to  th e  
a c t io n  of th e  d i s c h a r g e  , show s th a t  the  d i s c h a r g e  does  not r e m a i n  
in  th i s  p la n e .  (The m a rk in g s  to w a rd s  th e  to p  and b o t to m  ed g es  
r e s u l t  f r o m  th e  a c t io n  of th e  d i s c h a r g e  at p r e s s u r e s  of th e  o r d e r  
of 1 m m . Hg. At h ig h e r  p r e s s u r e s  the  d i s c h a r g e  d o es  not m ove  
th i s  f a r  off th e  p lane  of s y m m e t r y ) .
S om e  e x p e r im e n t s  w e re  p e r f o r m e d  w ith  f la t  e l e c t r o d e s  
s i m i l a r  to  th o s e  u s e d  f o r  th e  m a jo r i ty  of th e  e x p e r im e n t s ,  b u t 
w ith  the  c y l in d r i c a l  s u r f a c e s  of the  c e n t r e  e le c t r o d e  - th e  c a th o d e  - 
c o v e re d  w ith  " T e f lo n " ,  so  th a t  th e  c a th o d e  re g io n  m u s t  m ove  o v e r  
a  s u r f a c e  p e r p e n d ic u l a r  to  th e  m a g n e t ic  f ie ld .  (See f ig u re  3. 24(b)).
1- 2 0 9 -
F IG  3. 24 MARKINGS ON T H E  CATHODE
(a ) (F o u r  p h o to g ra p h s  a t th e  top  of th e  page)
M ark in g s  on th e  c y l in d r ic a l  ca th o d e . T h e s e  fo u r  
p h o to g ra p h s  show th e  m a rk in g s  a t d i f f e r e n t  p o in ts  
on the  c i r c u m f e r e n c e  of th is  e l e c t r o d e .  T he  
d i s c h a r g e  m o v e s  a c r o s s  the  p a g e ,  th e  ca thode  
ex tend ing  th e  fu ll  dep th  of e ach  photo .
(b) (L a rg e  p h o to g ra p h  a t  th e  b o tto m  of the  page) 
M ark in g s  on th e  "T e f lo n "  edged  e le c t r o d e .
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M e a s u r e m e n ts  g ive p e r i o d / p r e s s u r e  c u r v e s  th a t  a r e  f a r  f ro m  
r e p r o d u c e a b le .  T h e  p e r i o d / p r e s s u r e  c u r v e s  a r e  su b s ta n t ia l ly  
th o s e  o b ta ined  fo r  th e  s t a n d a r d  e l e c t r o d e s  u n d e r  s i m i l a r  c o n d i t io n s .  
T h e  n a tu r e  of the  t r a n s i t i o n  is  u n c h a n g e d ,  and i t  o c c u r s  a t s u b s t a n ­
t ia l ly  th e  s a m e  p r e s s u r e  a s  i t  d id  on th e  s t a n d a r d  e l e c t r o d e s .
T h e  r e s u l t s  of s e c t io n  3 .4 .  1 sh o w  th a t ,  above  th e  t r a n s i t i o n ,  
s o m e  p a r t  of th e  ca th o d e  re g io n  m u s t  c o n t r o l  th e  v e lo c i ty  of the  
d i s c h a r g e .  In the  ca th o d e  fa l l  r e g io n  th e  c u r r e n t  flow i s  p e r p e n d ic u la r  
to  th e  s u r f a c e  of th e  c a th o d e ,  so  th a t  f o r  th e  " T e f lo n " -e d g e d  e le c t r o d e s  
th e  c h a r g e  c a r r i e r s  w il l  m ove  in  the  d i r e c t i o n  of th e  m a g n e t ic  f ie ld ,  
and  w ill  no t be  d e f le c te d  by th e  m a g n e t ic  f ie ld  to  m ove  a lo n g  th e  
c a th o d e ,  a s  th e y  w ould if  th e  c u r r e n t  f low ed  p e r p e n d ic u l a r  to  the  
f ie ld ,  as  i t  d o es  w hen th e  d i s c h a r g e  r u n s  b e tw e e n  e l e c t r o d e s  of 
s ta n d a r d  d e s ig n .  T h e  in s ig n i f ic a n t  change  of th e  b e h a v io u r  of the  
d i s c h a r g e  when th e  ca thode  re g io n  i s  c o n s t r a in e d  to  m ove  a long  the  
f la t  s u r f a c e s  of th e  e l e c t r o d e ,  in d ic a te s  th a t  th e  n e g a t iv e  glow r e g io n ,  
and not th e  c a th o d e  fa l l  r e g io n ,  m ay be th e  re g io n  c o n t ro l l in g  the 
ve lo c i ty  of th e  d i s c h a r g e .  T he  c u r r e n t  in  the  n e g a t iv e  g low  i s  ab le  
to  flow p a r a l l e l  to  the  s u r f a c e  of the  e l e c t r o d e ,  so  th a t  i t  c a n  be  
in f lu en ced  by t h e  m ag n e t ic  f ie ld .  T h e  above  r e s u l t s  sh o u ld  not be  
r e g a r d e d  a s  c o n c lu s iv e  e v id e n c e ,  but m e r e ly  a s  e v id e n c e  s u g g e s t in g  
th a t  the  n e g a t iv e  glow c o n t ro l s  th e  v e lo c i ty .
T he  m a r k s  on the ca th o d e  s u r f a c e  a r e  no t s t r e a k s ,  such
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as  w e r e  o b s e r v e d  fo r  the  c y l in d r i c a l  ca th o d e  (f igu re  3 .2 4 (a ) ) ,  o r  
the  s t a n d a r d  c a th o d e ,  b u t  a s e r i e s  of o v e r la p p in g  m a r k s  of i r r e g u l a r  
s h a p e ,  a p p ro x im a te ly  tw ice  a s  long  a s  they  a r e  b ro a d  (see  f ig u re  
3. 24(b)). T h is  p a t t e r n  in d ic a te s  th a t  the  ca th o d e  fa l l  r e g io n ,  d ra g g e d  
a long by th e  r e m a i n d e r  of th e  d i s c h a r g e  a s  i t  m o v e s  u n d e r  th e  
in f lu en c e  of th e  m a g n e t ic  f i e ld ,  m o v e s  in  " ju m p s "  a c r o s s  the  c a th o d e  
s u r f a c e ,  b e in g  s t a t io n a r y  a t  e a c h  po in t f o r  a s h o r t  t im e  b e f o r e  m oving  
on. T h i s  s u g g e s t s  th a t  the  c a th o d e  fa l l  r e g io n  i s  not d r iv e n  a ro u n d  
th e  e l e c t r o d e s  by th e  m a g n e t ic  f ie ld  b u t ,  a s  th e  n eg a t iv e  glow m o v e s  
away f r o m  th e  po in t w h e re  th e  e l e c t r o n s  a r e  e x t r a c te d  f r o m  th e  
c a th o d e ,  a new ca th o d e  fa ll  r e g io n  i s  e s ta b l i s h e d  u n d e r  the  n eg a t iv e  
glow and the  o r ig in a l  c a th o d e  fa l l  r e g io n  e x t in g u is h e s .
3. 9 "S P O K E S "
The ro ta t in g  d i s c h a r g e  n o rm a l ly  a p p e a r s  a s  a  u n ifo rm  d is k  
of l ig h t  b e tw een  th e  e l e c t r o d e s .  H o w e v e r ,  f o r  a d i s c h a rg e  in  n i t ro g e n  
a c r o s s  the  long gap  (e le c t r o d e  d i a m e t e r s  - 5. 08 and 1 1 .4  c m .  ) w ith  
the  c e n t r e  e l e c t r o d e  p o s i t iv e  in  a m a g n e t ic  f ie ld  of 2 ,1 6 0  g a u s s ,  the  
d i s c h a rg e  b r e a k s  up in to  five  o r  s ix  s low ly  ro ta t in g  " sp o k e s "  a s  
shown in  f ig u re  3. 25(a). T h e  p e r io d  of ro ta t io n  of th e  sp o k e s  w hich  
is  in  th e  A m p e r ia n  s e n s e ,  i s  of th e  o r d e r  of 30 s e c o n d s .  T he  anode  
re g io n  of th e  d i s c h a r g e  i s  co n tin u o u s  a ro u n d  th e  gap. T he w idth  of 
a sp o k e ,  and th e  d a r k  s p a c e  b e tw e e n  sp o k es  a r e  of th e  o r d e r  of the
width of the  r o ta t in g  d i s c h a r g e .  T h e  sp o k es  o c c u r  ju s t  abo v e , bu t not
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(b) REGULAR VARIATION OF THE WIDTH OF THE
NEGATIVE GLOW
f ig  3-25 S p o k e s " & r e l a t e d  p h e n o m e n a
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im m e d ia te ly  ab o v e , th e  t r a n s i t i o n ,  and a r e  o b s e r v e d  f o r  a p r e s s u r e  
ra n g e  of l e s s  th a n  1 m m .  Hg.
Tw o p h o to m u l t ip l ie r s  w e re  p o s i t io n e d  so  th a t  they looked  
down on the  d is c h a rg e  a t  th e  s a m e  r a d iu s ,  bu t w e r e  ju s t  l e s s  th a n  
the w id th  of the  d i s c h a r g e  a p a r t ,  a ro u n d  th e  gap. S ig n a ls  f r o m  
th e s e  p h o to m u l t ip l ie r s  show ed  th a t  the  d i s c h a r g e  w as s t i l l  r o t a t in g  
at h igh  s p e e d .  C o m p a r is o n  of th e  t im e  th e  ro ta t in g  d i s c h a rg e  to o k  
to m ove  b e tw ee n  the  two v iew ing  h o le s  w hen a spoke  w as  b e tw e e n  
the  h o le s ,  and the  t im e  th e  d i s c h a r g e  took  to  m ove  a ro u n d  the  gap , 
show ed th a t  the d is c h a rg e  m o v es  th ro u g h  a sp o k e ,  and th e n  ju m p s  
to  th e  nex t spoke . In s p e c t io n  of th e  a l t e r n a t in g  co m p o n en t of th e  
d i s c h a r g e  vo ltage  show ed th a t  the  d i s c h a r g e  c u r r e n t  does  not cu t 
off w hen th is  jum p o c c u r s .  Above and be low  the  p r e s s u r e  r a n g e  in  
w hich th i s  phenom enon  is  o b s e r v e d  th e  n eg a t iv e  glow f l i c k e r s  a s  if  
w aves  of l igh t w e re  m ov ing  a ro u n d  th e  ca th o d e  at h igh sp e e d .  T h i s  
f l ic k e r in g  i s  a l s o  o b s e rv e d  ju s t  above  th e  t r a n s i t i o n ,  f o r  s m a l l e r  
gaps and lo w e r  m ag n e t ic  f i e l d s , w ith  the  c e n t r e  e l e c t r o d e  of e i th e r  
p o la r i ty ,  and i s  o ften  a c c o m p a n ie d  by a m o d u la t io n  of th e  a m p li tu d e  
of th e  s ig n a l  f ro m  the  p h o to m u l t ip l ie r .
It i s  su g g e s te d  th a t  the  u n u su a l  s ig n a l  f r o m  th e  vo ltage  
p ro b e  o b se rv e d  ju s t  above the  t r a n s i t i o n  fo r  a n i t r o g e n  d i s c h a rg e  
b e tw een  e le c t ro d e s  of 10. 2 and 14. 0 c m .  d i a m e te r  in  a f ie ld  of
2 ,160  g a u ss  (this  s ig n a l  c o n s i s t s  of a  s e r i e s  of p u ls e s  s u p e r im p o s e d
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on th e  m o re  s im p le  s y n c h r o n iz e d  c o m p o n en t o b s e r v e d  a t h ig h e r  
p r e s s u r e s  - s e e  s e c t io n  3 .3 .1  and f ig u r e  3 .8 (b )  and (c)), i s  a n o th e r  
m a n i f e s t a t io n  of th is  p h en o m en o n . T h e  v is u a l ly  o b s e r v e d  w id th  of 
th e  n e g a t iv e  glow often  show s a r e g u l a r  v a r i a t i o n  a ro u n d  th e  c i r c u m ­
f e r e n c e  of th e  e le c t ro d e  (see  f ig u r e  3. 25(b)), w hen  th i s  s ig n a l  i s  
o b s e r v e d .  It i s  not d iff icu lt  to  e x p la in  th i s  v a r i a t io n  - i f  th e  v o ltag e  
a c r o s s  th e  d is c h a rg e  c h a n g e s ,  th e  d i s c h a r g e  c u r r e n t  m u s t  change; 
h e n c e ,  fo r  a c o n s tan t  ca th o d e  c u r r e n t  d e n s i ty  th e  c r o s s  s e c t io n a l  
a r e a  of the  ca thode  re g io n  of th e  d i s c h a r g e  m u s t  ch an g e .
3. 10 CONCLUSIONS
The m o re  im p o r ta n t  c o n c lu s io n s  r e a c h e d  a s  a  r e s u l t  of the  
e x p e r im e n t s  d e s c r ib e d  in  th i s  c h a p te r  a r e :
(1) A change  o c c u r s  in  th e  m ode  of ro ta t io n  of the  d i s c h a r g e  
at a  p r e s s u r e  n e a r  th a t  at w hich  Ü T  = 1 fo r  e l e c t r o n s .  T h is  
c h an g e  i s  a p p a ren t ly  r e la te d  to  th e  d i f f e r e n c e  in  th e  n a tu re  of th e  
m o tio n  of an e le c t ro n  in  a m a g n e t ic  f ie ld  at h igh and low p r e s s u r e s ,
COT = 1 g iving a m e a s u r e  of th e  p r e s s u r e  a t  w hich  th i s  ch ange  
o c c u r s .  (See s e c t io n  5. 1).
(2) Above th is  t r a n s i t i o n ,  the  ca th o d e  re g io n  h a s  an im p o r ta n t  
in f lu en ce  on the  v e loc ity  of the  d i s c h a r g e .  H o w ev er  the  v e lo c i ty  i s  
not d e te r m in e d  by th e  ca th o d e  r e g io n  a lone ; the  r e m a i n d e r  of the  
d i s c h a r g e  d ra g s  th e  ca thode  r e g io n  a long  at a  v e lo c i ty  g r e a t e r  th a n  
th a t  a t which i t  would m ove  if  i t  a lone  c o n t ro l le d  th e  v e lo c i ty  of
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th e  d i s c h a r g e .
(3) T h e r e  i s  so m e  ev id en c e  th a t  the  n e g a t iv e  g low , and not
th e  ca th o d e  fa l l  r e g io n ,  i s  th e  p a r t  of th e  ca th o d e  re g io n  th a t  c o n t ro l s  
the  v e lo c i ty  of the  d i s c h a r g e .
(4) B elow  the  t r a n s i t i o n ,  th e  anode re g io n  c o n t r o l s  th e  v e lo c i ty
of th e  d i s c h a r g e .
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C h a p te r  4
E X P E R IM E N T S  W ITH S P E C T R O S C O P IC A L L Y  P U R E  GASES
T h e  e x p e r im e n ta l  o b s e r v a t io n s  of C h a p te r s  2 and  3 d e m o n ­
s t r a t e  th e  n e c e s s i t y  f o r  s tudy ing  the  r o ta t io n  of the  d i s c h a r g e  in  v e r y  
p u re  g a s e s  a ro u n d  p u r e ,  c le a n  e l e c t r o d e s .  T h i s  c h a p te r  d e s c r i b e s  
b r ie f ly  th e  d e v e lo p m e n t  of a  d i s c h a r g e  c h a m b e r  and  v a cu u m  s y s te m  
s u i ta b le  fo r  e x p e r im e n t s  of th i s  n a tu r e ,  and so m e  e x p e r im e n t s  
p e r f o r m e d  in  th i s  a p p a r a tu s .  U n fo r tu n a te ly  th e  b re a k a g e  of a  g la s s  
co ld  t r a p  p re v e n te d  th e  c o m p le t io n  of th e  e x p e r im e n ta l  p r o g r a m  
p lan n ed  fo r  th is  e q u ip m e n t .
4. 1 E X P E R IM E N T A L  A PP A R A T U S
4 . 1 . 1  T h e  d i s c h a r g e  c h a m b e r
An a l l - g l a s s  c o n s t r u c t io n  w as  u s e d  fo r  th is  p ie c e  of a p p a r a tu s ,  
th e  e l e c t r o d e s  b e in g  p e rm a n e n t ly  s e a le d  in to  th e  w a l ls  of the  v a cu u m  
s y s t e m .  F ig u r e  4. 1 show s d e ta i l s  of the  c o n s t r u c t io n  of the  d i s c h a r g e  
c h a m b e r ,  which i s  l i t t l e  m o re  th a n  an e x te n s io n  of the  m a in  p u m ping  
l in e .  T he  e l e c t r o d e s ,  m a ch in ed  f ro m  m o ly b d e n u m , a r e  0 .1 "  th ic k ,  
and 1" and 2" in  d i a m e te r .  0 .0 5 "  r a d i i  a r e  m a ch in ed  on th e  e d g es  of 
th e s e  e l e c t r o d e s  on w hich  th e  d i s c h a r g e  w ill  ru n .  T u n g s te n  w i r e s ,  
s i l v e r - s o l d e r e d  in to  th e  e l e c t r o d e s  , a r e  s e a le d  in to  th e  g la s s  w a l ls  
of th e  v acuum  c h a m b e r .  T h e s e  w i r e s  su p p o r t  the  e l e c t r o d e s ,  and
p ro v id e  a l e a d - th r o u g h  f o r  th e  d i s c h a r g e  c u r r e n t .
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F IG  4. 1 T H E  A L L -G L A S S  DISCHARGE T U B E  USED FO R  THE 
E X P E R IM E N T S  WITH S P E C T R O S C O P IC A L L Y  PU R E  
GASES - D E T A IL S OF CONSTRUCTION
Tw o s e c t io n s  th ro u g h  th e  tube  a r e  shown: a  v e r t i c a l
s e c t io n  p e rp e n d ic u la r  to  th e  a x is  of the  pum ping  tu b e ,
and a h o r iz o n ta l  s e c t io n  on the  a x is  of the  tu b e .
D - D is c h a rg e  gap.
E - E l e c t r o d e s .
S - G la s s  " s t a lk "  in  w h ich  the  l ig h t  p ipe  i s
i n s e r t e d .  T h is  s t a l k  lo c a t e s  th e  ligh t 
p ipe c lo se  to  th e  d i s c h a r g e .
T - T u n g s te n  w i r e s  s e a l e d  in to  th e  g la s s
w a lls  of the  tu b e .
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4 . 1 . 2  T h e  v acu u m  s y s te m
B e c a u s e  of th e  h igh p r e s s u r e s  a t w hich  th e  e x p e r im e n t s  
a r e  p e r f o r m e d ,  i t  w as  dec id ed  to  u s e  c o n v en tio n a l  v a c u u m -p ro d u c in g  
te c h n iq u e s  - i .  e .  , a d iffusion  p u m p , r a t h e r  th a n  an  io n  p u m p , o r  a 
g e t t e r  pum p.
T h e  v a c u u m  s y s te m  i s  show n s c h e m a t ic a l ly  in  f ig u r e  4. 2.
T h e  d if fu s io n  p u m p ,  an  E d w a rd s  High V acuum  L td .  , 2" m e ta l  pum p, 
w as f i l le d  w ith  A p e izo n  "C" o il .  T h i s  o il h a s  a  v e ry  low v a p o u r
_  O
p r e s s u r e  a t  ro o m  t e m p e r a t u r e  ( ^ 1 0  m m . Hg), b u t  i s  m o r e  read ily  
d e c o m p o s e d  th a n  th e  m o re  co m m o n ly  u s e d  "A" and "B "  o i l s .  Two 
co ld  t r a p s  r e d u c e  th e  m ig r a t io n  of the  p um p  oil and o th e r  v a p o u rs  
to  the  d i s c h a r g e  re g io n .  T he  lo w e r  t r a p  is  a  c o n v en t io n a l  E d w a rd s  
High V acuum  L td .  , s t a i n l e s s  s t e e l  co ld  t r a p ,  th e  u p p e r  t r a p  a h igh  
c o n d u c ta n c e ,  h igh  e ff ic ie n cy  g la s s  t r a p  of th e  ty p e  d e s ig n e d  by 
V e n em a  (Ve 4 9). B oth  th e  in n e r  and o u te r  w a l ls  of t h i s  t r a p  a r e  
s u r ro u n d e d  by a ja c k e t  of liqu id  a i r ,  a  f e a tu r e  th a t  no t only  im p r o v e s  
the  e f f ic ie n cy  of the  t r a p  a s  a v a p o u r  t r a p ,  bu t p r e v e n t s  the  m ig r a t io n  
of oil to  th e  d i s c h a r g e  re g io n  by c re e p in g  o v e r  s u r f a c e s .  A 3" g la s s  
pum ping  line  3' lo n g , le a d s  f r o m  th e  t r a p  to  the  d i s c h a r g e  re g io n .
T he  b a s e  p r e s s u r e  in  th e  s y s t e m ,  and the  le a k  r a t e  w e re  
m e a s u r e d  by an E d w a rd s  IG -2H  io n iz a t io n  g a u g e ,  m o u n ted  above 
the  to p  co ld  t r a p  - th i s  i s  th e  c lo s e s t  th e  gauge cou ld  be  m oun ted  
to  th e  d i s c h a rg e  re g io n  w ithou t fou ling  on th e  m a g n e t .  T h e  gas
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T w o s ta g e  b a c k in g  pum p .
" B re a k o f f "  s e a l .
C o n ic a l  g l a s s  jo in t .
G l a s s  co ld  t r a p  (V e n e m a 's  d e s ig n ) .
S ta in le s s  s t e e l  co ld  t r a p .
B a c k in g  l in e  co ld  t r a p .
D is c h a r g e  tu b e  - s e e  f ig u r e  4. 1.
D if fu s io n  p u m p .
E l e c t r o d e s .
C y l in d e r  of s p e c t r o s c o p ic a l l y  p u re  g a s .
D e m o u n ta b le  g l a s s - t o - m e t a l  s e a l  - s e a l in g  
a c c o m p l i s h e d  by "V ito n -A "  O - r i n g s .
Io n iz a t io n  g auge .
L e a k  tap .  (A g l a s s  t a p  w ith  a  g ro o v e  
s c r a t c h e d  on th e  key).
M ain  p u m ping  l in e .
O il  m a n o m e te r .
P i r a n i  gau g e .
P h o s p h o r u s  p en to x id e  m o i s tu r e  t r a p .
S afe ty  v a lv e .  I s o l a t e s  s y s t e m  f r o m  the 
b a ck in g  p u m p  in  th e  ev en t  of a p o w e r  
f a i l u r e ,  p r e v e n t in g  the  b a c k in g  pum p  
o il  f ro m  b e in g  su ck e d  b a c k  in to  th e  
v a c u u m  s y s t e m .
B aff le  v a lv e  above  d i f fu s io n  pum p.
M eta l  v a cu u m  ta p  (with O - r i n g  s e a l s ) .
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p r e s s u r e  w as  m e a s u r e d  d u r in g  e x p e r im e n t s  by an oil m a n o m e t e r ,  
w h ich  w as  a ls o  f i l led  w ith  A p iezo n  "C " oil. T h is  o il w as  h e a te d  
gen tly  b e tw e e n  e x p e r im e n t s  to  d r iv e  off any d is so lv e d  g a s e s .
T o  r e d u c e  th e  v i r t u a l  le a k  r a t e  in to  th e  s y s te m  r e s u l t in g  
f r o m  th e  o u tg a s s in g  of g a s k e ts  and m e ta l  p a r t s  above th e  d if fu s io n  
p u m p , O - r i n g s  of "V ito n -A "  (a Dupont f lu o r o e la s to m e r )  w e r e  u s e d  
fo r  th e  g a s k e ts  (Ad 60) and th e  m e ta l  p a r t s  w e re  m ad e  of s t a i n l e s s  
s t e e l  (Ri 61). T h e  O - r i n g s  w e re  d e g a s s e d  p r i o r  to  a s s e m b l in g  th e  
s y s te m  by h e a t in g  u n d e r  v acu u m  f o r  tw o d ay s .
T h e  l in e  f r o m  th e  oil m a n o m e te r  and the  g a s  b o t t le  e n t e r s  
th e  m a in  pum ping  l in e  b e low  th e  V e n e m a  cold  t r a p ,  so  th a t  v a p o u r  
f r o m  th e  m a n o m e te r  o il and s to p c o c k  g r e a s e  w ill  be  p re v e n te d  by 
th is  t r a p  f r o m  m ig r a t in g  to  th e  d i s c h a r g e  re g io n .
T he  d i s c h a r g e  re g io n ,  the  m a in  pum ping  l in e ,  and th e  g la s s  
cold  t r a p  w e re  "b ak e d "  a t a  t e m p e r a t u r e  of o v e r  300°C f o r  about 
tw e lv e  h o u r s  p r i o r  to  f i l l in g  th e  g la s s  co ld  t r a p .  T h e  "b ak e o u t"  
oven w as  c o n s t r u c te d  f r o m  " M is c o l i te "  (a bonded  a s b e s to s  b o a rd )  
and a s b e s t o s ,  th e  h e a t  r e q u i r e d  b e in g  su p p lied  by h ea t in g  e le m e n ts  
fo r  d o m e s t ic  b a r  r a d i a t o r s ,  and " In f ra p h i l"  i n f r a - r e d  la m p s .  T he 
e n t i r e  v a cu u m  s y s te m  w as  m o un ted  on a t r o l l e y  so  th a t  i t  could  be 
r o l le d  out of th e  m a g n e t  f o r  bak in g .
-  8A b a s e  p r e s s u r e  r e a d in g  of 6 x 10 m m . Hg w as  ob ta ined  
a f t e r  th e  io n iz a t io n  gauge  h ead  had b e en  o u tg a s s e d .  (The X - r a y  l im i t
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of the  gauge i s  5 x 10 m m . Hg). T h e  r a t e - o f - r i s e  of th e  p r e s s u r e  
in  the  s y s t e m  w as  of th e  o r d e r  of 10 m m .  H g /m in u te  b e f o r e  the
_  n
co ld  t r a p  w as  f il led ; i t  f e l l  to  the  o r d e r  of 1. 5 x 10 m m . H g /m in u te  
on f i l l in g  th i s  co ld  t r a p .
T h e  s p e c t r o s c o p ic a l ly  p u r e  g a s e s  u s e d  fo r  th e s e  e x p e r im e n t s
(su p p lied  by the  B r i t i s h  O xygen  C o m p an y )  c o n ta in  a p p ro x im a te ly
3 - 4  p . p . m .  of i m p u r i t i e s .  T h e  le a k  r a t e  in to  the  s y s t e m  is  such
th a t ,  f o r  a  ' 'c h a r g e ” of g a s  a t  a  p r e s s u r e  of 10 m m . Hg in  th i s
s y s t e m ,  i t  would ta k e  a p p ro x im a te ly  s e v e n  h o u r s  fo r  the  im p u r i ty
5
l e v e l  to  r i s e  to  1 p a r t  in  10 . T h is  c a lc u la t io n  in d ic a te s  th a t  the  
v a cu u m  s y s te m  is  s a t i s f a c to r y  to  th e  e x te n t  th a t ,  a f t e r  e x p e r im e n t in g  
f o r  s e v e r a l  h o u r s ,  th e  im p u r i ty  le v e l  w il l  n o t be m u ch  g r e a t e r  th an  
th e  in t r i n s i c  im p u r i ty  le v e l  of th e  s p e c t r o s c o p ic a l l y  p u re  g a s .
Tw o f a c to r s  th a t  have  not b e e n  ta k e n  a cco u n t of a r e :
(1) T h e  lo s s  of e f f ic ien cy  of the  co ld  t r a p s  a t  th e  h igh  p r e s s u r e s  
at w h ich  th e  e x p e r im e n t s  w e re  p e r f o r m e d .
(2) T he  ev o lu tion  of g a s  f ro m  th e  e l e c t r o d e s ,  (and , to  a l e s s e r  
e x te n t ,  th e  w a l ls  of th e  d i s c h a r g e  re g io n )  u n d e r  the  a c t io n  of the  
d i s c h a r g e .
T h e  c h a r g e  of g a s  in  the  s y s t e m  w as  chan g ed  m o re  f r eq u e n t ly  
th a n  th e  above d i s c u s s io n  would in d ic a te  w as  n e c e s s a r y  , to  c o m p e n sa te  
fo r  th e s e  a d d it io n a l  s o u r c e s  of i m p u r i t i e s .  I t  i s  d if f icu l t  to  a s s e s s  the
e x ten t  to  w hich  th e  p u r i ty  w ill be  a f fe c te d  by th e s e  f a c t o r s .  H o w ev e r
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th e  s a t i s f a c t o r i l y  r e p r o d u c e a b le  r e s u l t s  o b ta in ed  f r o m  e x p e r im e n t s  
in  a r g o n  in d ic a te  th a t  th e s e  f a c to r s  do not r e s u l t  in  an  e m b a r r a s s i n g  
i n c r e a s e  of th e  le v e l  of the  im p u r i t i e s  in  th e  g a s .
4 . 1 . 3  T h e  m a g n e t ,  p o w e r  supp ly  , and  l ig h t - d e te c t io n  
eq u ip m e n t
T h e  m a g n e t ,  p o w e r  su p p ly ,  and l ig h t - d e te c t io n  equ ipm ent 
a r e  th o s e  d e s c r i b e d  in  C h a p te r  2, a s  m o d if ied  f o r  the  e x p e r im e n t s  
d e s c r ib e d  in  C h a p te r  3 ( a p a r t  f ro m  a m in o r  m o d if ic a t io n  of the  
" d i s c h a r g e "  end  of th e  l ig h t  p ipe).
4. 2 T H E  C LE A N L IN ESS OF T H E  E L E C T R O D E S
A lthough  th e  im p u r i ty  co n ten t  of the  g a s  h a s  b een  re d u c e d  
to  a s a t i s f a c to r y  le v e l ,  the  e l e c t r o d e s  a r e  s t i l l  not " c le a n " .  T hey  
w e re  b r ig h t  w hen  m a d e ,  bu t d u r in g  the  a s s e m b ly  of the  g l a s s w a r e ,  
and the  b ak in g  of the  v acu u m  s y s t e m ,  b e c a m e  c o v e r e d  w ith oxide . 
A t te m p ts  to  r e m o v e  th is  l a y e r  of oxide by p o s i t iv e  ion  b o m b a rd m e n t  
in  bo th  h y d ro g e n  and a rg o n  d i s c h a r g e s  w e re  no t s u c c e s s fu l .  P a r t s  
of th e  e l e c t r o d e s  - e s p e c ia l ly  th e  e d g e s  - w e r e  p a r t i a l ly  c le a n e d ,  
b u t the  oxide and m e ta l  s p u t te r e d  off w e re  d e p o s i te d  e ls e w h e re  on 
the  e l e c t r o d e s ,  and on the  g la s s  w a l ls  in  th e  v ic in i ty  of th e  e l e c t r o d e s .  
T he  end of the  " s t a lk "  in  w hich th e  end  of th e  l ig h t  p ipe  i s  i n s e r t e d ,  
w as p a r t i c u l a r ly  h eav ily  co a ted  w ith  a  b la c k  d e p o s i t ,  c o n s id e ra b ly  
r e d u c in g  the  in te n s i ty  of th e  l ig h t  fa l l in g  on the  p h o to m u lt ip l ie r .
T h is  d ep o s it  m a d e  m e a s u r e m e n t  of th e  p e r io d  of ro ta t io n  r a t h e r
d if f icu l t .
- 2 2 3 -
4. 3 E X P E R IM E N T A L  RESU LTS
T he  p e r io d  of r o ta t io n ,  T , w as  m e a s u r e d  a s  a function  of 
m a g n e t ic  f ie ld  only f o r  a rg o n  and h e l iu m  b e f o r e  th e  b re a k in g  of the  
co ld  t r a p .  T h e  d i s c h a r g e s  in  b o th  g a s e s  m is b e h a v e d  r a t h e r  badly ; 
th e y  f r e q u e n t ly  b e c a m e  s t a t i o n a r y ,  e s p e c ia l ly  at h ig h e r  p r e s s u r e s ,  
and low m a g n e t ic  f ie ld s .  T h e  te n d en c y  to  " s t i c k "  w as  p a r t i c u l a r ly  
m a r k e d  fo r  the  a r g o n  d i s c h a r g e .  T h is  r e s u l t  i s  not s u r p r i s i n g ,  a s  
th e  e l e c t r o d e s  w e r e  c o v e r e d  w ith  a f i lm  of ox ide .
S a t i s f a c to ry  m e a s u r e m e n t s  of T r  cou ld  be m a d e  only at 
f a i r ly  h igh p r e s s u r e s .  At p r e s s u r e s  b e lo w  a p p ro x im a te ly  7 m m . Hg 
f o r  a r g o n ,  and ev en  a s  h igh a s  20 m m . Hg fo r  h e l iu m ,  th e  d is c h a rg e  
w as  f req u e n t ly  not c o n s t r i c t e d ,  but o ccu p ied  th e  e n t i r e  annu lus  
b e tw e e n  the  e l e c t r o d e s  (for d i s c h a r g e  c u r r e n t s  fo r  the  o r d e r  of 
m i l l i a m p e r e s ) .  T h is  o c c u r s  b e c a u s e  of th e  s m a l l  d i a m e te r  of th e  
e l e c t r o d e s ,  e s p e c ia l ly  th e  c e n t r e  e l e c t r o d e ,  and w as not u n e x p ec ted .  
T h e  p ro b le m  of th e  c o n s t r u c t io n  of a s u i ta b le  d i s c h a r g e  c h a m b e r  
would have  b e e n  m u ch  g r e a t e r  had l a r g e r  e l e c t r o d e s  b e e n  u s e d .
T he  r e s u l t s  o b ta ined  f o r  h e l iu m  w e re  not r e p r o d u c e a b l e , 
bu t th o s e  fo r  a rg o n  w e re  r e p e a ta b le  to  b e t t e r  th a n  + 20%, excep t 
f o r  m a g n e t ic  f ie ld s  be low  2 ,1 6 0  g a u s s  (see  f ig u r e  4 .3 ) .
F ig u r e  4. 3 show s T r  p lo t te d  a s  a  fu n c tio n  of m ag n e t ic  f ie ld  
at p r e s s u r e s  of 9 .4  and 1 5 .4  m m . Hg; th e  d i s c h a r g e  c u r r e n t  w as
s e t  a t  5 mA at 9 .4  m m . H g , and a t b o th  5 mA and 15 mA at 1 5 .4  m m .H g .
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T h e s e  c u r v e s  fa l l  m o r e  s te e p ly  th a n  would be  the  c a s e  i f ,
T r  oc B ~ 1 (4 .1 )
T h ey  do not follow  a p o w e r  law .
B e c a u s e  of th e  d i r ty  e l e c t r o d e s  th e s e  r e s u l t s  shou ld  be 
t r e a t e d  w ith  cau t io n .
It  i s  p ro p o s e d  to  re b u i ld  th e  d i s c h a r g e  re g io n  of th is  
a p p a r a tu s  so  th a t  the  e l e c t r o d e s  m ay  b e  c le a n e d  by h ea tin g  u n d e r  
v a cu u m  to  a v e ry  h igh t e m p e r a t u r e  by m e a n s  of an  in d u c t io n  h e a t e r .  
T he  e l e c t r o d e s  w ill  be  of l a r g e r  d i a m e t e r  and  d e p th ,  and th e  gap 
b e tw e e n  th e m  w ill  be r e d u c e d .  W ith  th i s  a p p a r a tu s ,  i t  i s  hoped  
to  o b ta in  r e p ro d u c e a b le  r e s u l t s  f o r  a d i s c h a r g e  th a t  r o ta t e s  
r e g u la r ly  fo r  a w ide ra n g e  of p r e s s u r e s  and m ag n e t ic  f ie ld s .
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F IG  4. 3 PE R IO D  O F  ROTATION v s .  MAGNETIC F IE L D  
IN P U R E  ARGON
E x p e r im e n t s  p e r f o r m e d  in  th e  a l l - g l a s s  s y s t e m .
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C h a p te r  5
SOM E T H E O R E T IC A L  A S P E C T S  O F T H E  MOTION O F  A GLOW  
D ISCHARGE IN A TRANSVERSE MAGNETIC F IE L D
5. 1 T H E  M OTION O F CHARGED P A R T IC L E S  IN STEADY 
E L E C T R IC  AND MAGNETIC F IE L D S
5 . 1 . 1  M otion  in  a m a g n e t ic  f ie ld  - no c o l l i s io n s  (Sp 56)
A p a r t i c l e  of c h a r g e , e , m oving  w ith  a v e l o c i t y , v
c o n s t i tu t e s  a  c u r r e n t ,  ev, w h ich  c a n  i n t e r a c t  w ith  a  m a g n e t ic  f ie ld .
T h e  m a g n itu d e  of th e  v e lo c i ty  of th e  p a r t i c l e  m oving  in  a  u n i fo rm
m a g n e t ic  f ie ld  i s  u n ch an g ed  by  th e  f ie ld ,  th e  e l e c t r o m a g n e t i c
f o r c e  a c t in g  in  a  d i r e c t i o n  p e r p e n d ic u la r  to  the  d i r e c t io n  of
m o tio n  of th e  p a r t i c l e .
T h e  p a r t i c l e  i s  c o n s t r a in e d  by th i s  fo r c e  to  m ove  in  
c i r c l e s  a ro u n d  th e  d i r e c t io n  of the  f ie ld ,  Tlie r a d iu s  of t h e s e  c i r c l e s  
(the r a d iu s  of g y ra t io n ) ,
a = m v /B e  (5. 1)
w h e re  B = m a g n e t ic  flux d e n s i ty
e , m  = c h a r g e ,  m a s s  of the  p a r t i c l e .
T h e  a n g u la r  f r e q u e n c y  of r o ta t io n  of th e  p a r t i c l e  (the c y c lo t ro n  
f r e q u e n cy )
CJ - B e / m  (5. 2)
T h e  r a d iu s  of g y ra t io n  is  l a r g e r ,  and th e  c y c lo t ro n
freq u en cy  s m a l l e r ,  f o r  ions  th a n  fo r  e l e c t r o n s ,  and  th e s e  p a r t i c l e s
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ro ta t e  in  o p p o s ite  d i r e c t i o n s .  T h e  co m ponen t of th e  v e lo c i ty  of 
a p a r t i c l e  p a r a l l e l  to  th e  f ie ld  i s  no t a f fe c ted  by the  f ie ld .
5 . 1 . 2  M otion in  c r o s s e d  e l e c t r i c  and m a g n e t ic  f ie ld s  - 
no c o l l i s io n s  (Sp 56, T o  12, Do 37 pp. 66 -70 )
T h e  c i r c u l a r  m o tio n  i s  m o d if ied  by the  p r e s e n c e  of th e  
e l e c t r i c  f ie ld ,  E ,  so  th a t  the  p a r t i c l e s  m ove in  c y c lo id a l  o r  
t ro c h o id a l  p a th s ;  th e  guid ing  c e n t r e  - th e  in s ta n ta n e o u s  c e n t r e  
of g y ra t io n  of th e  p a r t i c l e s  - d r i f t s  in  a d i r e c t io n  p e r p e n d ic u la r  
to  bo th  the  e l e c t r i c  and m a g n e t ic  f i e ld s .  See f ig u re  5. 1. T h e  
d r i f t  v e lo c i ty  (Sp 56),  th e  v e lo c i ty  of th e  guiding c e n t r e ,  i s  g iv en
by
Vd = ( E x B ) / B 2 (5 .3 )
P h y s ic a l ly  th e  c y c lo id a l  p a th  r e s u l t s  b e c a u s e ,  a s  the  
e n e rg y  of th e  p a r t i c l e  i s  i n c r e a s e d  a s  i t  m o v e s  in  th e  d i r e c t io n  
of th e  e l e c t r i c  f ie ld ,  th e  r a d iu s  of g y ra t io n  i n c r e a s e s  (see  f ig u r e  
5. 1). W hen th e  p a r t i c l e  m o v e s  in to  th e  sec o n d  h a lf  of the  a r c h  
of th e  cy c lo id  th e  e n e r g y  d e c r e a s e s ,  and th e  o rb i t  of th e  p a r t i c l e  
" t ig h te n s  u p "  aga in .
T h e  e q u a t io n s  d e s c r ib in g  the  m o tio n  of c h a r g e d  p a r t i c l e s  
in  c r o s s e d  f ie ld s  a r e :
E m 
B 2 e
(cot - s in  CJt) (5 .4 )
E m
t-,2
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w h e re  th e  p a r t i c l e s  h av e  z e r o  in i t i a l  v e lo c i ty  - s e e  f ig u re  5. 1.
60 i s  th e  c y c lo t ro n  f r e q u e n c y ,  d e f in ed  by eq u a t io n  5. 2.
T he  p a th  of a p a r t i c l e  i s  no t a  c y c lo id ,  bu t a t r o c h o id ,  
w hen  the  p a r t i c l e  h a s  an  in i t i a l  v e lo c i ty ,  th e  ro l l  c i r c l e  b e in g  the  
s a m e  as  th a t  of the  cy c lo id  if  the  e l e c t r i c  and m a g n e t ic  f ie ld s  a r e  
u n ch an g ed . E q u a t io n s  5. 4 and 5. 5 show  th a t  the  a r c h  of th e  
c y c lo id  i s  l a r g e r  fo r  io n s  th a n  f o r  e l e c t r o n s ,  a n d , b e c a u s e  CO is  
s m a l l e r  f o r  ions  , the  t im e  an  ion  w ill  ta k e  to  m ove  a ro u n d  th e  
a r c h  of i t s  c y c lo id a l  p a th ,  i s  m u ch  g r e a t e r  th a n  th e  t im e  an  
e l e c t r o n  wrould ta k e  to  m ove a ro u n d  an  a r c h  of i t s  c y c lo id a l  p a th .
5 . 1 . 3  T h e  e ffec t  of c o l l i s io n s
In s p e c t io n  of e q u a tio n s  5 .4  and  5. 5 r e v e a l s  th a t  th e  
p ro d u c t  GOt g iv e s  a m e a s u r e  of th e  f r a c t io n  of an  a r c h  of a 
c y c lo id  a ro u n d  w hich  a c h a r g e d  p a r t i c l e  w ill  m ove  in  a t i m e ,  t .  
W hen COt = 2 - n  th e  p a r t i c l e  h a s  m oved  a ro u n d  an  a r c h  of the  
c y c lo id .  S im i la r ly  th i s  p ro d u c t  g iv e s  th e  f r a c t io n  of th e  c i r c u m ­
f e r e n c e  of a c i r c l e  a ro u n d  w hich  a p a r t i c l e  w ill  m ove  in  a  t i m e ,  t ,  
th e  p a r t i c l e  m ov ing  a ro u n d  a c o m p le te  c i r c l e  w hen  COt = 2 tt .
T h u s ,  i f  T is  th e  m e a n  t im e  b e tw e e n  the  c o l l i s io n s  of 
a  c h a r g e d  p a r t i c l e  w ith  a n e u t r a l  gas  m o le c u le ,  th en  COT g iv es  
a  m e a s u r e  of th e  d e g re e  to  w hich  a  c h a r g e d  p a r t i c l e  i s  d e f le c te d  
by a m a g n e t ic  f ie ld  b e tw e e n  c o l l i s io n s ,  b o th  in  a  m a g n e t ic  f ie ld ,  
and in  c r o s s e d  e l e c t r i c  and m a g n e t ic  f i e ld s .  W hen COT «  1
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th e  c h a r g e d  p a r t i c l e  w ill have m oved a ro u n d  only a s m a l l  f r a c t io n  
of a  c i r c l e ,  o r  an  a r c h  of a cy c lo id ,  b e tw e e n  c o l l i s io n s ,  so  th a t  
th e  m a g n e t ic  f ie ld  w ill  not have chan g ed  i t s  d i r e c t io n  g r e a t ly  f ro m  
th a t  i t  had  im m e d ia te ly  a f te r  the  p re c e d in g  c o l l i s io n ,  i . e .  , th e  
v e h a v io u r  of a c h a rg e d  p a r t ic le  w ill  no t d i f f e r  g re a t ly  f r o m  th a t  
in  z e r o  m ag n e t ic  f ie ld .  U n d er  th e s e  c o n d i t io n s  th e  p r o p e r t i e s  of 
a d i s c h a r g e  w ill  be  s im i l a r  to  th o se  of a d i s c h a r g e  in  z e r o  m a g n e t ic  
f ie ld .  H o w ev e r ,  w hen GOT 0£> 1 the  p a r t i c l e  w ill  c o v e r  m any  
c i r c l e s  (o r  c y c lo id a l  a r c h e s )  b e tw een  c o l l i s i o n s ,  i . e .  , th e  m o tion  
of th e  c h a rg e d  p a r t i c l e ,  and hence  th e  b e h a v io u r  of th e  d i s c h a r g e ,  
is  in f lu en ced  s t ro n g ly  by th e  m ag n e t ic  f ie ld .
Now th e  ion  c y c lo t ro n  f r e q u e n c y ,  CO^, i s  c o n s id e ra b ly  
l e s s  th a n  th e  e l e c t r o n  c y c lo t ro n  f r e q u e n c y ,  Q e , and th e  m e a n  f r e e  
t im e s  of the  ions  and e le c t ro n s  (T- and T , r e s p e c t iv e ly )  do not 
d i f f e r  g re a t ly .
T h e r e f o r e ,  when
C0e T e —  1 (5 .6 )
th e n  (0 T ^ «  1 (5 .7 )
i . e .  , th e  m a g n e t ic  f ie ld  in f lu en ces  th e  m o tio n  of e l e c t r o n s  m o re  
r e a d i ly  th an  th a t  of io n s .
In c r o s s e d  f ie ld s ,  w h e re
GO. T. «  1 (5. 8)
1but (5 .9 )
- 232 -
th e  io n s  w ill  m ove  s u b s ta n t ia l ly  a long  th e  e l e c t r i c  f ie ld ,  a s  they 
a r e  l i t t l e  a f fe c te d  by th e  m a g n e t ic  f ie ld  b e tw ee n  c o l l i s io n s ,  w h e r e ­
a s  th e  e l e c t r o n s  w ill  m ove  a c r o s s  the  f ie ld  (i. e . , in  the  E x B 
d i r e c t io n )  - s e e  f ig u re  5. 2.
5. 1. 4 D r i f t  v e lo c i ty
C h a rg e d  p a r t i c l e s  m oving  in  an  e l e c t r i c  f ie ld  a r e  a c c e l e ­
r a t e d  by th a t  f ie ld  u n t i l  they  r e a c h  an  e q u i l ib r iu m  co n d it io n  su ch  
th a t ,  o v e r  a  l a r g e  n u m b e r  of c o l l i s io n s ,  th ey  g a in  a s  m uch  e n e rg y  
b e tw e e n  c o l l i s i o n s , a s  th ey  lo se  p e r  c o l l i s io n .  T h is  t e r m in a l  
v e lo c i ty  i s  c a l le d  th e  d r i f t  v e lo c i ty  of th e  p a r t i c l e s .  T h e  d r i f t  
v e lo c i ty  p e r  u n i t  e l e c t r i c  f ie ld  i s  c a l le d  th e  m o b il i ty .
F o r  e l e c t r o n s  m oving  in  a  m a g n e t ic  f ie ld  th ro u g h  a gas  
w h e re  th e  m e an  t im e  b e tw e e n  c o l l i s io n s  w ith  n e u t r a l  m o le c u le s  
is  in d e p e n d e n t  of e l e c t r o n  e n e rg y
= vd (1 + O e 2 T e 2 ) _1 (5 .10 )
= d r i f t  v e lo c i ty  in  the  m a g n e t ic  fie ld  
= d r i f t  v e lo c i ty  in  z e r o  m a g n e t ic  f ie ld .
T h is  r e l a t io n  h a s  b e e n  d e r iv e d  by TOW NSEND (To 12), 
who n e g le c te d  th e  e l e c t r o n s ’ v e lo c i ty  d i s t r ib u t io n ,  and m o re  
r i g o r o u s ly  by HUXLEY (Hu 57), and B LE V IN  and HAYDON (B1 58). 
T h e  e x p r e s s i o n  d e r iv e d  by T o w n sen d  a p p l ie s  equa lly  fo r  io n s .
B e c a u s e  of th e  g r e a t e r  m a s s  of a n  io n ,  the  d r i f t  v e lo c i ty
of io n s  i s  m u ch  l e s s  th a n  th a t  of e l e c t r o n s  m o v in g  a t  th e  s a m e
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g a s  p r e s s u r e  in  the  s a m e  e l e c t r i c  f ie ld  (En 55). T h e  c u r r e n t  
i n  the  p o s i t iv e  c o lu m n  of a glow d i s c h a r g e  i s  c a r r i e d  p r i m a r i l y  
by  e l e c t r o n s ,  th e  io n s  m ak in g  only a m in o r  c o n t r ib u t io n  to  th e
to ta l  c u r r e n t . H o w ev e r  in  th e  p r e s e n c e  of a m a g n e t ic  f ie ld ,
su ch  th a t
O e T e »  1 (5 .9 )
and Ü ;  T ; «  1 (5 .8 )
e q u a tio n  5. 10 show s  th a t  th e  e l e c t r o n s '  m o b ili ty  i s  g re a t ly
re d u c e d .  T he  in d iv id u a l  e l e c t r o n s  do no t m ove  in  th e  d i r e c t io n
of th e  e l e c t r i c  f ie ld ,  bu t  a c r o s s  th e  f ie ld ,  a s  d e s c r ib e d  in
s e c t io n  5. 1. 3. U n d e r  t h e s e  c o n d i t io n s ,  th e  i o n s ,  m o v in g  a long
the  f ie ld ,  can  c a r r y  a  l a r g e  f r a c t io n  of th e  d i s c h a r g e  c u r r e n t ,
in  s p i te  of t h e i r  low  d r i f t  v e lo c i ty  in  z e r o  m a g n e t ic  f ie ld .
5. 2 T H E  V EL O C IT Y  O F AN UNCONSTRAINED PO SITIV E 
COLUMN
T h e  m o tio n  of a  p o s i t iv e  c o lu m n ,  u n c o n s t r a in e d  by th e  
e l e c t r o d e  r e g io n s  of th e  d i s c h a r g e ,  w ill  b e  d i s c u s s e d  in  th i s  
s e c t io n ,  even  th o u g h  th e  p o s i t iv e  c o lu m n  h a s  l i t t l e  in f lu en c e  on 
the  v e lo c i ty  of th e  d i s c h a r g e .  It i s  n e c e s s a r y  to  have  a k n o w ­
ledge  of th e  v e lo c i ty  of an  u n c o n s t r a in e d  p o s i t iv e  co lu m n  in  
o r d e r  to  d i s c u s s  the  a u g m e n ta t io n  of th e  v e lo c i ty  of the  c a th o d e  
r e g io n  by the  r e m a i n d e r  of th e  d i s c h a r g e .  H o w e v e r ,  m o r e  
i m p o r t a n t ,  th e  r e s u l t s  of th i s  s e c t io n  m ay  b e  a p p l ie d  to  th e
I
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o th e r  p la s m a  r e g io n s  of th e  d i s c h a r g e  - th e  F . D . S .  , and , 
e s p e c ia l ly  th e  n e g a t iv e  glow.
5 . 2 . 1  T h e o ry  of th e  m o tio n  of a  p o s i t iv e  co lu m n  
T h e  e x t e r n a l  fo r c e  a c t in g  on a v o lu m e  e le m e n t ,  dv, 
of a d i s c h a rg e
dF = (j x B) dv (1 .2 )
w h e re j = c u r r e n t  d e n s i ty
B = m ag n e t ic  flux d e n s i ty .
T h e  m e c h a n is m  by w hich th e  m o m e n tu m  su p p lied  by 
th i s  fo r c e  to  the  m o v in g  d i s c h a r g e  is  t r a n s f e r r e d  to  the  io n iz e d  
g a s ,  i s  a s  fo llow s: T h e  (j x B )d v  fo rc e  a c t s  on th e  e l e c t r o n s ,  the  
c u r r e n t  b e in g  p r i m a r i l y  an  e l e c t r o n  c u r r e n t .  T h e  e l e c t r o n s ,  a c ­
c e l e r a t e d  by th is  f o r c e ,  w ould te n d  to  m ove  aw ay f r o m  th e  p o s i t iv e  
io n s .  H o w ev e r  th e  e l e c t r o s t a t i c  f ie ld  s e t  up  a s  th e  e l e c t r o n s  m ove  
away f ro m  the io n s  p r e v e n ts  th e  s e p a r a t i o n  of t h e s e  tw o s p e c i e s .  
T h e  m o m e n tu m  su p p l ie d  to  the  e l e c t r o n s  i s  t r a n s f e r r e d  to  the  
p o s i t iv e  io n s  by t h i s  e l e c t r o s t a t i c  coup ling . As th e  e l e c t r o n s  and 
io n s  m ove a ro u n d  th e  gap b e tw e e n  the  e l e c t r o d e s  w ith  the  s a m e  
v e lo c i ty ,  m o s t  of th e  m o m e n tu m  of the  d i s c h a r g e  w ill  be c a r r i e d  
by th e  h e a v ie r  io n s .
W hen  th e  d i s c h a r g e  i s  m oving  a t  a c o n s ta n t  v e lo c i ty ,  the  
(j x B )d v  f o r c e  i s  e q u a l  to  the  r a t e  a t w hich  m o m e n tu m  is  t r a n s ­
f e r r e d  f r o m  th e  d i s c h a r g e  to  the  n e u t r a l  m o le c u le s ,  i . e .  , the
f- 2 3 6 -
" f r i c t i o n a l "  f o r c e  on the  d i s c h a r g e
i.  e. , / ( j.x B) dv = f U  M v .  + n g U m v e (5. 11)
J A , l .  0
w h e r e  / s ig n i f i e s  i n t e g r a t i o n  o v e r  the  c r o s s - s e c t i o n
J  A, 1 .0
of th e  d i s c h a r g e  , a long un i t  leng th  of the  d i s c h a r g e
n^ = n = n u m b e r  of c h a r g e d  p a r t i c l e s  p e r  uni t  
leng th  of th e  d i s c h a r g e .
M , m  = m a s s  of an ion ,  and an e l e c t r o n ,  r e s p e c t i v e l y .
U = n e t t  v e lo c i ty  of the  d i s c h a r g e .
* .  
l
V  e
i o n - n e u t r a l  c o l l i s i o n  f r eq u e n c y  
e l e c t r o n - n e u t r a l  c o l l i s io n  f r e q u e n c y .
It i s  a s s u m e d  th a t  ( a v e ra g in g  o v e r  a l a r g e  n u m b e r  of 
c o l l i s i o n s ) ,  the  e l e c t r o n s  l o s e  a l l  t h e i r  n e t t  m o m e n t u m  ( i . e .  , 
the  m o m e n t u m  mU ) in  one c o l l i s i o n ,  the  m a s s i v e  io n s  only ha l f  
t h e i r  n e t t  m o m e n t u m  in  a c o l l i s i o n .  T h e  f a c t o r  in  equa t ion  
5. 11 a c c o u n t s  f o r  t h i s  p e r s i s t e n c e  of v e lo c i ty .
T h e  s ec o n d  t e r m  in eq u a t io n  5. 11 m ay  be  n e g le c t e d ,  a s  
m  v  e «  M .
F r o m  5 .11
i B  = | n i Ü M v i (5. 12)
Now Vi = v -l Ncr (5 .13)
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w h e re  = t h e r m a l  v e lo c i ty  of th e  io n s
cr - i o n - n e u t r a l  c o l l i s io n  c r o s s  s e c t io n  
N = d e n s i ty  of n e u t r a l  m o le c u le s .
(See B ro w n  (B r 5 9) - C h a p te r  1).
T h e r e f o r e ,  f r o m  5 .1 2 ,
2 i B
U = --------------------  (5 .14 )
M N < (r v i >
< >  in d ic a te s  th a t  <r i s  a v e r a g e d  o v e r  th e  io n s '  v e lo c i ty  
d is t r ib u t io n .
Now , i f  i t  i s  a s s u m e d  th a t
T W  T g and M = Mg 
w h e re  T^orv= io n  t e m p e r a t u r e
T g  = g a s  t e m p e r a t u r e  
Mg = m a s s  of a n e u t r a l  m o le c u le ,  
th e n ,  if  the  n e u t r a l  p a r t i c l e  d e n s i t i e s  and the  io n ic  t h e r m a l  
ve lo c i ty  in  e q u a t io n  5. 14 a r e  e x p r e s s e d  in  t e r m s  of gas  p r e s s u r e  
and t e m p e r a t u r e
U
2 i B 
n i P <r
(5. 15)
A ll the  p a r a m e t e r s  on th e  R. H .S .  of eq u a tio n  5. 15 
m ay  be e s t i m a t e d ,  w ith  th e  ex ce p t io n  of n^ .
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Now 1 = n e v dm (5 .16 )
the  c o n tr ib u t io n  to  th e  c u r r e n t  of th e  p o s i t iv e  io n s  be in g  n e g -
l e c t e d ,
w h e re n e = n u m b e r  of e l e c t r o n s  p e r  u n it  len g th
of th e  d i s c h a r g e
v dm = e l e c t r o n  d r i f t  v e lo c i ty  in  a m ag n e t ic
f ie ld .
T h e r e f o r e , n.l = ne = i /  e vd (5 .1 7 )
H ence Ü 2 Be v dm  / k T g 
p  O '  V 3M„
(5. 18)
5. 2. 2 C o m p a r is o n  of th i s  th e o ry  w ith  e x p e r im e n t
E q u a t io n  5 .1 8 m ay be  u s e d  to  o b ta in  an  e s t i m a te  of the
v e lo c i ty  a t w h ich  th e  p o s i t iv e  c o lu m n  of a  n i t r o g e n  d i s c h a r g e  
would m ove in  a  m ag n e t ic  f ie ld ,  i f  no t in f lu en c ed  by th e  e le c t ro d e  
reg ions . T he  e l e c t r i c  f ie ld ,  E ,  h a s  b e e n  m e a s u r e d  f o r  a  ro ta t in g  
n i t r o g e n  d i s c h a r g e  (see  s e c t io n  3. 7 , f o r  th e  v a lu e s  of th e  e l e c t r i c  
f ie ld ,  and a d i s c u s s io n  of an  e r r o r  in  th e  m e a s u r e d  f ie ld  due to  
th e  s lo p e  of th e  d i s c h a r g e ) .  T h e  d r i f t  v e lo c i ty  in  z e r o  m ag n e t ic  
f ie ld ,  a func tion  of E / p  w as  o b ta in ed  f r o m  th e  e x p e r im e n ta l  
c u r v e s  of TOWNSEND (To 21), (p = gas  p r e s s u r e ) ^ m o r e  r e c e n t  
v a lu e s  be ing  a v a i la b le  fo r  th e  h ig h  v a lu e s  of E / p  e n c o u n te re d  in
th e s e  e x p e r im e n t s .
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T h e  d r i f t  v e lo c i ty  in  a m a g n e t ic  f ie ld  w as  c a lc u la te d  
f r o m  th e se  v a lu e s  by m e a n s  of e q u a t io n  5. 10, th e  e l e c t r o n s  b e ing
o-f
a s s u m e d  to  h a v e  an  e n e rg y  of 4 eV . T h i s  c o r r e c t i o n  is Adoubtful 
a c c u r a c y  f o r  n i t r o g e n .  T h e  e x a c t  d e r iv a t io n s  of HUXLEY (Hu 5 7), 
and BLEVIN  and HAYDON (B1 58) a s s u m e  th a t  T e i s  ind ep en d en t 
of e le c t r o n  e n e rg y
i . e . ,  cr(v) v = C o n s ta n t  (5 .19 )
w h e re  <r(v) = e l e c t r o n - n e u t r a l  c o l l i s io n  c r o s s
s e c t io n ,
v - v e lo c i ty  of an  e l e c t r o n ,
w hich  i s  f a r  f r o m  the  c a s e  f o r  n i t r o g e n .  (See BROWN (B r 5 9), 
C h a p te r  1).
T h e  io n - n e u t r a l  c o l l i s io n  c r o s s  s e c t io n  h a s  not b e e n  
m e a s u r e d  f o r  n i t ro g e n .  T he  n e u t r a l - n e u t r a l  c o l l i s io n  c r o s s  
s e c t io n  w a s  u s e d  fo r  th e s e  c a lc u la t io n s  , t h i s  b e in g  a f a i r  a p ­
p r o x im a t io n  to  th e  i o n - n e u t r a l  c o l l i s io n  c r o s s  s e c t io n  (Co 41).
T h is  c r o s s - s e c t i o n  w as c a lc u la te d  f r o m  th e  m e a n - f r e e - p a t h  at 
0°C  g iv en  in  von  E N G E L 'S  book (En 55), S u th e r l a n d 's  fo r m u la  
(Co 41) b e in g  u se d  to  c o r r e c t  f o r  th e  d e c r e a s e  in  c r o s s  s e c t io n  
at th e  h ig h e r  gas  t e m p e r a t u r e  a s s u m e d  fo r  the  c a lc u la t io n s  
(300°K ).
It w as a s s u m e d  in  th e  d e r iv a t io n  of e q u a tio n  5. 18 th a t  th e
JL
n i t r o g e n  io n  p r e s e n t  w as  N 2 . T h e r e  i s  ev id en ce  in  the  ion ic
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m obili ty  m e a s u r e m e n t s  of VARNEY (Va 53) of th e  e x is te n c e  of 
the  N ^+ io n , f o r  E / p  of th e  o r d e r  of the  v a lu e s  e n c o u n te re d  in  
th e s e  e x p e r i m e n t s . If th e  io n  p r e s e n t  w as  , the  v e lo c i ty  
would be 7 0% of th a t  c a lc u la te d  f r o m  eq u a t io n  5. 18.
V a lu e s  of T  fo r  a  m a g n e t ic  f ie ld  of 2 ,1 6 0  g a u s s ,  o b ta ined  
u s in g  e q u a t io n  5 .1 8  a r e  p lo t te d  in  f ig u re  5 .3 .  It w ill  be  noted  th a t  
the  v e lo c i ty  o f  an  u n c o n s t r a in e d  p o s i t iv e  c o lu m n  i s  g r e a t e r  th a n  
th e  o b s e r v e d  v e lo c i ty  of th e  d i s c h a r g e .  T h is  i s  a  f u r t h e r  i n ­
d ic a t io n  of th e  c o r r e c t n e s s  of the  a s s u m p t io n ,  m ad e  in  s e c t io n  
3 . 4 ,  th a t  th e  u n c o n s t r a in e d  p o s i t iv e  c o lu m n  would m ove at a 
v e lo c i ty  g r e a t e r  th a n  tha t  of th e  ca th o d e  re g io n  of th e  d i s c h a r g e .
T h e  e l e c t r i c  f ie ld  in  th e  p o s i t iv e  c o lu m n ,  above the  
t r a n s i t i o n ,  i s  g iven  a p p r o x im a te ly ,  by th e  e m p i r i c a l  r e l a t io n
E = 0. 0 9 B  + 12 p (5. 20)
w h e re E = e l e c t r i c  f ie ld  in  v o l t s / c m
B = m a g n e t ic  f ie ld  in  g a u s s
p = p r e s s u r e  in  m m . Hg.
T h i s  e x p r e s s io n  i s  d e r iv e d  f r o m  th e  m e a s u r e d  v a lu e s  
of th e  e l e c t r i c  f ie ld .  See s e c t io n  3. 7, and  p a r t i c u l a r ly  f ig u re  
3 . 23  in  t h i s  s e c t io n .
T h e r e  i s  no doubt abou t the  l i n e a r  d ep en d en ce  of E on p; 








COMPARISON OF E X P E R IM E N T A L  AND T H E O R E T IC A L
VALU ES O F  T r
M agnetic  f ie ld  - 2 ,1 6 0  g a u ss
G as  - N i t ro g e n
E x p e r im e n ta l  c u rv e .  E l e c t r o d e  d i a m e t e r s  - 1 0 .2 ,  1 4 .0  c m .  
C e n t r e  e l e c t r o d e  n e g a t iv e
D is c h a r g e  c u r r e n t  - 15 m A.
E x p e r im e n ta l  c u rv e .  E l e c t r o d e  d i a m e t e r s  - 1 0 . 2 ,  1 1 .4  c m . 
C e n t r e  e l e c t r o d e  n eg a t iv e
D is c h a r g e  c u r r e n t  - 15 mA.
T h e o r e t i c a l  c u rv e ;  p o s i t iv e  c o lu m n  c o n tro l  
M ean d i a m e t e r  of gap - 10. 8 cm .
T h e o r e t i c a l  c u rv e :  n e g a t iv e  glow c o n t ro l
T _  i s  te n  t im e s  th e  v a lu e  of T c a lc u la te d  fo r  c u rv e  C. r  r
T h e o r e t i c a l  c u r v e ;  c a th o d e  fa l l  r e g io n  c o n tro l
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u n c e r t a i n .  T h e  e l e c t r i c  f i e ld  w as  only m e a s u r e d  fo r  m a g n e t i c  
f i e ld s  of 1 ,1 0 0  g a u s s ,  and 2 ,1 6 0  g a u s s  (and z e r o  m a g n e t ic  f ie ld ) .
Now f r o m  TOWNSEND'S c u r v e s  of d r i f t  v e loc i ty  a s  a 
func t ion  of E / p  (To 21)
v^  oc E / p  a p p r o x im a te ly  (5 .21)
T h u s , the  d r i f t  ve loc i ty  in  a m a g n e t i c  f ie ld
Vdm  «  (E /p )  ^  1 + C ( B / p ) 2^  (5. 22)
w h e r e  G0e T e i s  e x p r e s s e d  i n  t e r m s  of p and B. C i s  a c o n s t a n t .  
H e n c e , f r o m  5 .2 0 ,  and 5 .2 2
v dm “  (0. 09 B + 12 p) (5 .23)
and ,  s u b s t i t u t i n g  f o r  v ^ m in  5. 18
T = k ( P / B ) 2 +  C
r  0. 09 + 12 p / B
(5. 24)
w h e r e  k i s  a c o n s ta n t .
T h i s  e x p r e s s i o n  do es  not give th e  e x p e r i m e n t a l l y  o b ­
s e r v e d  d e p en d e n c e  of T r  on p and B. H o w e v e r  T ^  i n c r e a s e s  as  
p i n c r e a s e s ,  and a s  B d e c r e a s e s ,  as  o b s e r v e d  e x p e r i m e n t a l l y .
T r  i s  g iv en  as  a func t ion  of p / B .  T h e  e x p e r i m e n t a l l y  o b s e r v e d  
v a lu e s  of T r  a r e  not a func t ion  of p / B .  (See f i g u r e s  3. 7 and 3. 18).
T h e  d i s c r e p a n c y  b e tw e e n  th i s  t h e o r y ,  and the  e x p e r i ­
m e n ta l  r e s u l t s  i n d i c a t e s  t h a t  t h e r e  i s  s o m e t h in g  s e r i o u s l y  w ro n g
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w ith the  above th e o ry .  T he  a p p ro x im a t io n s  u s e d  in  d e r iv in g  
eq uation  5. 18 would not g ive an e r r o r  of th i s  m ag n itu d e  in  the  
c a lc u la te d  v e lo c i ty .
Tw o p o s s ib le  e x p la n a t io n s  of th i s  d is c r e p a n c y  a r e :
(i) In e q u a tio n  5. 15, th e  b a s ic  e q u a tio n  f ro m  w hich  e q u a tio n  
5. 18 w as  d e r iv e d ,  the  only p a r a m e t e r  th a t  i s  not w e ll  known is  
n ^ , the  n u m b e r  of io n s  p e r  un it  leng th  of th e  d i s c h a r g e .  T h e  
m ethod  of c a lc u la t in g  n  ^ m ay  b e i n c o r r e c t ,  p o s s ib ly  due to  the  
u se  of an  o v e r - s im p l i f i e d  m o d e l  fo r  th e  p o s i t iv e  co lu m n  of the  
d i s c h a r g e .  No acc o u n t  h a s  b e e n  ta k e n  of th e  t r a n s v e r s e  e l e c t r i c  
f ie ld ,  o r  the  sh ap e  of the  d is c h a rg e ^ a n d  th e  p o s i t iv e  c o lu m n  h a s  
b e en  a s s u m e d  u n ifo rm  a long  i t s  len g th .
(ii) T he  io n s  and e le c t r o n s  m ove  th ro u g h  the  d i s c h a r g e ,  to  
r e - c o m b in e  at th e  le ad in g  edge of the  d i s c h a r g e .  T h e s e  p a r t i c l e s  
w ill m ove at a v e lo c i ty ,  u ,  g iv en  by e q u a tio n  5. 18. T h is  d r i f t  of 
c h a rg e d  p a r t i c l e s  th ro u g h  th e  d i s c h a r g e  would m e a n  th a t  th e  r a t e  
of lo s s  of c h a r g e d  p a r t i c l e s  f r o m  the  d i s c h a r g e  c o lu m n  i s  g r e a t e r  
fo r  a T .  M .F .  , th a n  in  th e  a b se n c e  of a T . M .F .  T h e  r a t e  of p r o ­
duc tion  of c h a rg e d  p a r t i c l e s ,  and  h e n ce  th e  e l e c t r i c  f ie ld  in  th e  
p o s i t iv e  c o lu m n , m u s t  be  h ig h e r  in  a  m a g n e t ic  f ie ld ,  in  o r d e r  to  
r e p la c e  th i s  l o s s .  T h u s  the  h igh  e l e c t r i c  f ie ld  o b s e r v e d  f o r  a 
d i s c h a r g e  in  a T .  M .F .  (s e e  s e c t io n  3. 7), i s  not in c o n s i s te n t
w ith  th i s  id e a .
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5. 3 T H E  N EG A TIV E GLOW AS T H E  V E L O C IT Y -C O N T R O L L IN G  
REGION O F  TH E DISCHARGE
E q u a t io n  5. 15, the  b a s ic  eq u a t io n  f ro m  w hich  the  v e lo c i ty  
of th e  p o s i t iv e  c o lu m n  w as  c a lc u la te d  , can  be ap p lied  to  any p l a s m a  
re g io n  of th e  d i s c h a r g e ,  i .  e .  , i t  c a n  b e  u s e d  to  c a lc u la te  th e  
v e lo c i ty  at w hich  an u n c o n s t r a in e d  n e g a t iv e  glow would m o v e . 
H o w ev e r  th is  c a lc u la t io n  n e c e s s i t a t e s  a  know ledge of th e  p o s i t iv e  
ion  d e n s i ty  in  th i s  r e g io n .  T he  c h a r g e  d e n s i ty  in  th e  p o s i t iv e  
c o lu m n  w as  c a lc u la te d  f r o m  a know ledge  of th e  e l e c t r i c  f ie ld  in  
the  c o lu m n , and th e  e l e c t r o n  m o b il i ty  in  a m a g n e t ic  f ie ld .  T h i s  
m e thod  i s  not a p p l ic a b le  to  the  n eg a t iv e  glow , w h e re  th e  c h a r g e  
d e n s i ty  i s  d e te r m in e d  by the  r a t e  of io n iz a t io n ,  and d iffu s io n .
It i s  w e ll  known th a t ,  in  z e r o  m a g n e t ic  f ie ld ,  the  e l e c t r o n  
d e n s i ty  (and h en ce  th e  p o s i t iv e  ion  d e n s i ty )  in  the n eg a tiv e  glow is  
an o r d e r  of m a g n itu d e  , o r  m o re  , g r e a t e r  th a n  th a t  in  the  p o s i t iv e  
co lu m n  ( F r  56, Ud 52). If i t  is  a s s u m e d  in  th i s  c a s e  th a t  the  
p o s i t iv e  ion  d e n s i ty  i s  an  o r d e r  of m ag n itu d e  g r e a t e r  th an  in  th e  
p o s i t iv e  c o lu m n , th en  eq u a tio n  5. 15 show s  th a t  th e  v e lo c i ty  w ill  
be c o r re s p o n d in g ly  l e s s ,  a s  the  v e lo c i ty  i s  i n v e r s e ly  p r o p o r t io n a l  
to  th e  p o s i t iv e  io n  d e n s i ty .  The v e lo c i ty  a t  w h ich  an  u n c o n s t r a in e d  
n eg a tiv e  glow would m o v e ,  a s s u m in g  th e  p o s i t iv e  ion  d e n s i ty  i s  te n  
t im e s  th a t  in  th e  p o s i t iv e  c o lu m n  (i. e .  , a v a lu e  of T r  te n  t i m e s  
th a t  c a lc u la te d  f r o m  e q u a t io n  5 .1 8 ) ,  i s  a l s o  p lo t ted  in  f ig u re  5. 3.
T h is  c u rv e  show s th a t  n eg a t iv e  glow c o n t ro l  o f fe rs  a 
r e a s o n a b le  ex p lan a t io n  of the  v e lo c i ty  of th e  d i s c h a r g e  o b s e rv e d  
at p r e s s u r e s  w h e re  the  ca th o d e  re g io n  h a s  b e en  show n to  c o n tro l  
th e  v e lo c i ty  of the  d i s c h a r g e  - i . e .  , above the  t r a n s i t i o n .  (The 
t h e o r e t i c a l  c u r v e s  a r e  c o m p a r e d  w ith  e x p e r im e n ta l  c u r v e s  in  
f ig u re  5. 3).
5 .4  CO NTROL OF T H E  V ELO CITY  OF TH E DISCHARGE BY 
T H E  CATHODE F A L L  REGION
A lthough  n e g a t iv e  glow c o n t ro l  o f f e r s  a c r e d ib le  e x p lan a tio n  
of the  o b s e r v e d  v e lo c i ty  of the  d i s c h a r g e ,  a s tudy  of the  m o tion  of 
th e  p a r t i c l e s  in  th e  ca th o d e  fa l l  r e g io n  of th e  d i s c h a r g e  i s  r e q u i r e d  
to  show th a t  th i s  r e g io n  would not a lso  m ove  a t a p p ro x im a te ly  the  
o b s e r v e d  v e lo c i ty .  W hat fo llow s i s  a f i r s t  c ru d e  a t te m p t  to  e x p la in  
th e  o b s e r v e d  v e lo c i ty  of th e  d i s c h a r g e  in  t e r m s  of th e  m o tio n  of 
io n s  and  e le c t r o n s  in  th e  ca thode  fa l l  re g io n .
F o r  a  f i r s t  a t te m p t  a t e s t im a t in g  th e  v e lo c i ty  of the  ca th o d e
fa l l  r e g io n ,  i t  w ill  b e  a s s u m e d  th a t  a u n i fo rm  e le c t r i c  f ie ld  Vn / d n
e x ten d s  a  d is ta n c e  dn f r o m  the  c a th o d e ,  w h e re
Vn = n o r m a l  ca th o d e  f a l l  v o lta g e
d = n o r m a l  c a th o d e  f a l l  t h i c k n e s s ,  n
It i s  a s s u m e d  th a t  an  e l e c t r o n  m o v e s  f r o m  th e  ca th o d e  to  
a po in t a t a d i s ta n c e  a d n f r o m  th e  ca thode  (a ^  1), w h e re  io n iz a t io n  
o c c u r s ,  and th e  io n  p ro d u c e d  m o v e s  b a c k  to  th e  c a th o d e ,  w h e re  i t  
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poin t of o r ig in  of the  f i r s t  e l e c t r o n ,  to  th e  po in t w h e re  the  seco n d  
i s  p ro d u c e d ,  d iv ided  by th e  t im e  th e  e l e c t r o n  and the  io n  ta k e  to  
m ove b e tw een  th e s e  p o in ts ,  is  a s s u m e d  to  g ive a  m e a s u r e  of the  
v e lo c i ty  of th e  d i s c h a r g e .  (See f ig u re  5 .4 ) .
It i s  a s s u m e d  th a t  the  e l e c t r o n s  lo s e  a l l  t h e i r  e n e rg y  in  
a c o l l i s io n .  T h i s  a s s u m p t io n  i s  not a s  d r a s t i c  a s  i t  would f i r s t  
a p p e a r .  T he  d i r e c t io n  of m o tio n  of th e  e l e c t r o n s  i s  r a n d o m iz e d  
in  a c o l l i s io n ,  s o  th a t  th is  p a r t i c u l a r  pa th  (a c y c lo id a l  p a th ,  r a t h e r  
th a n  the  ra n g e  of t ro c h o id a l  p a th s  th a t  would o c c u r  f o r  an e la s t ic  
c o l l is io n )  w ill g ive a  m e a s u r e  of th e  m e a n  pa th  of the  p a r t i c l e s  
b e tw ee n  c o l l i s io n s .
Now , f r o m  e q u a tio n s  5. 4 and 5. 5, in  a t im e  t ,  an  e l e c t r o n  
w ill  m ove d i s ta n c e s  in  th e  x and  y d i r e c t i o n s ,  g iven  by
y =
Vn m e  
dn B 2e
Vn m e 
dn B 2e
( CO et  - s in  CO p t  )
(1 - co s  C0e t)
(5. 25) 
(5. 26)
Now , i f  the  t i m e s  b e tw ee n  c o l l i s io n s  a r e  d i s t r ib u te d  a c c o rd in g  
to  th e  law
dn
n
T j h  exp  ( - J_) dt 
1 e 1 e
(5 .2 7 )
u dn w h e re  — f r a c t io n  of th e  c o l l i s io n s  th a t  o c c u r  in  the  t im e
in t e r v a l  b e tw ee n  t ,  and t  + dt.
m e a n  t im e  b e tw e e n  c o l l i s io n s  , th e n  th e  m e a n
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d is ta n c e  a g ro u p  of e l e c t r o n s  w ill  m ove  in  the  x d i r e c t io n  b e tw een  
c o l l i s io n s
x =
Vn m g
j -  ( COet - s in  COet) exp ( - — ) dt (5 .2 8 )
d ,^ B e 1 e
V m n e ( ^ e  ^ e  ) (5. 29)
dn B ^ e l  + (Oe T e )'
S im i la r ly ,  th e  m e a n  d is ta n c e  a g ro u p  of e l e c t r o n s  w ill  m o v e  in  
the  y d i r e c t io n  b e tw e e n  c o l l i s io n s
(O e T p )
y
Vn rne
dn B 2 e 1 + ( O e T e )2
(5. 30)
S im i la r  e q u a t io n s  hold  fo r  the  m o tion  of io n s  in  c r o s s e d
f ie ld s .
T h e  a s s u m e d  d i s t r ib u t io n  of the  f r e e  t im e s  (equation  5. 22) 
i s  eq u iv a len t  to  th a t  u s e d  by TOW NSEND in  h is  s tudy  of the  d if fu s io n  
of c h a r g e d  p a r t i c l e s  in  a  m a g n e t ic  f ie ld  (To 12). T o w n sen d  
a s s u m e d  th a t  th e  f r e e  p a th s  of th e  e l e c t r o n s  had  an  ex p o n en t ia l  
d i s t r ib u t io n ,  and th a t  the  c h a r g e d  p a r t i c l e s  had a c o n s ta n t  v e lo c i ty .  
T h is  d i s t r ib u t io n  fu n c tio n  i s  not s t r i c t l y  a p p l ic a b le  in  the  p r e s e n t  
c a s e ,  w h e re  th e  m o tio n  of p a r t i c l e s  a c c e l e r a t e d  to  h igh  e n e r g ie s  
in an  e l e c t r i c  f ie ld  i s  u n d e r  c o n s id e r a t io n ,  bu t w ill  be  ad o p ted  as  
a r e a s o n a b le  a s s u m p t io n  in  v iew  of th e  c ru d i ty  of s o m e  of th e  o th e r
a s s u m p t io n s .
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N u m b e r  of c o l l i s io n s  an  e l e c t r o n  will  m a k e  in  m ov ing  
f r o m  the  ca th o d e  to  the  io n iz a t io n  po in t ,  I ( see  f ig u r e  5 . 4 ) ,
nc = ad n /y  (5 .31)
2 2
a dR B e
Vn ™e t->eT e>'
1 + (CJe T e r (5. 32)
T h e r e f o r e ,  t i m e  r e q u i r e d  fo r  an  e l e c t r o n  to  m ove  to  the  i o n i ­
z a t i o n  poin t
a d ^ B  
v n ^ e T e {1 + (C0e T e ) (5 .33 )
S i m i l a r l y ,  th e  t i m e  f o r  an ion  to  m o v e  f r o m  the  io n iz a t io n  poin t 
to  th e  c a t h o d e ,
a  d j  B
V (O . T- v n ^  i - * - 1
1 +  ( U .  ) (5. 34)
T h e  d i s t a n c e  b e tw e e n  the  po in t  of o r i g i n  of the  f i r s t  
e l e c t r o n ,  and  the  po in t  w h e r e  th e  ion  p r o d u c e d  s t r i k e s  th e  c a th o d e ,
X e + Xj = Y -^( t a n  0e )_1 + ( t a n  9j ) ~ l J
w h e re  X eJX ^ , Y ( = a dn ) , 00 and 0^  a r e  de f ined  in  f ig u re  5 . 4 .
Now f r o m  eq u a t io n s  5. 24 and 5. 30,  and  the  e q u iv a len t  
eq u a t io n s  f o r  io n s
(5. 35)
t a n  0. ( C J e  )
-1 (5 .36 )
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t a n  0 (CO i T i )
-1 (5. 37)
T h e r e f o r e  th e  v e lo c i ty  of th e  d i s c h a r g e ,
X e + x i 
T e + T i
(5. 38)
a  cl (CO e Te + C 0t  )
a d g B 1 + ^ e T e>‘
+
1 + ( Q .  T. )' 
COiTj
(5. 39)
Now , CO i ^  «  C0e T e , 
and , a t  p r e s s u r e s  of i n t e r e s t
COi T e  «  1




f  ( J  i
(Cf)e ^ e  )





Now , p ro v id e d  Cde T g -6 3, wh ich  i s  t h e  c a s e  f o r  the  p r e s e n t  
e x p e r i m e n t s ,  excep t  a t  t h e  lo w e s t  p r e s s u r e s ,
V,
dn B
^ e T e ^ i T i (5 .41)
Now , if  i t  i s  a s s u m e d  th a t  th e  t h i c k n e s s  of the  ca thode  
fa l l  r e g i o n  i s  the  s a m e  as  th e  t h i c k n e s s  f o r  z e r o  m a g n e t i c  f ie ld  
(a f a i r  enough  a s s u m p t i o n  u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  cond i t ions  -
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s e e  d i s c u s s io n  in  s e c t io n  3 .4 .  1), so  th a t  d i s  i n v e r s e l y  p ro p o r t io n a l  
to  p r e s s u r e ,  th e n
Ü = K B /p  (5 .42 )
a s ü e ' U i oc
and T e . T i oc
w h e re  K i s  a c o n s ta n t .
A c u rv e  show ing  the  v a lu e  of T r  c a l c u l a t e d  f ro m  eq u a tio n  
5 .4 1  i s  shown in  f ig u re  5 .3 .  T he  io n s  and e l e c t r o n s  w e re  a s s u m e d  
to  have  an e n e rg y  of 10 eV f o r  th e  c a lc u la t io n  of T e and 
w as  ob ta ined  by app ly ing  S u th e r l a n d 's  m e a n - f r e e  p a th  c o r r e c t i o n  
(Co 41) to  the  n e u t r a l - n e u t r a l  m e a n - f r e e - p a t h  g iv e n  by von  E N G E L 
(En 55), a l though  i t  i s  doub tfu l i f  th i s  f o r m u la  w i l l  g ive  the  c o r r e c t  
m e a n - f r e e - p a t h  fo r  io n s  of th i s  h ig h  e n e rg y .
T h i s  c u rv e  i s  w e ll  below  the  e x p e r im e n ta l  c u r v e s ,  and 
th e  c u rv e  o b ta in ed  f r o m  th e  th e o ry  of p o s i t iv e  c o lu m n  c o n t ro l .
In  sp i te  of th e  c ru d i ty  of th e  a s s u m p t io n s  u s e d  in  d e r iv in g  eq u a tio n  
5 . 3 6 ,  th is  c u rv e  in d ic a te s  th a t  th i s  s in g le  p a r t i c l e  m o d e l d o es  not 
s a t i s f a c to r i l y  d e s c r ib e  th e  m o tio n  of the  d i s c h a r g e .
A m o r e  s o p h is t i c a te d  m o d e l  th a t  t a k e s  in to  a c c o u n t  the  
l i n e a r  d e c r e a s i n g  e l e c t r i c  f ie ld  and  the  n a tu re  of t h e  m u l t ip l ic a t io n  
p r o c e s s  in  th e  c a th o d e  f a l l  r e g io n  (the T o w n sen d  a v a la n c h e ) ,  th e  
m a in te n a n c e  c o n d i t io n ,  an d  p ro b a b ly  th e  d if fu s io n  o f  c h a r g e d
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p a r t i c l e s  f ro m  the  ca th o d e  fa l l  r e g io n ,  m u s t  be  s tu d ie d  b e fo re  
a s a t i s f a c to r y  th e o ry  of th e  m o tio n  of th e  ca th o d e  fa l l  r e g io n  of 
a d i s c h a r g e  c an  be d eve loped .
A P P E N D I C E S
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A ppendix  1
T H E  SH A PE OF T H E  DISCHARGE - F U R T H E R  
CONTOUR DIAGRAMS
T h is  append ix  c o n ta in s  f u r th e r  e x a m p le s  of the  c o n to u r  
d ia g r a m s  ob ta in ed  w hile  e x p e r im e n t in g  w ith  the  " R a c e t r a c k "  
c h a m b e r .  See s e c t io n  2 .4  f o r  f u r t h e r  d e ta i l s  of th e  e x p e r im e n ta l  
a p p a r a tu s ,  and th e  m e th o d  by w hich  th e s e  d i a g r a m s  w e re  ob ta in ed .
FIG  A 1. 1 T H E  SH A PE OF A DISCHARGE IN AIR
G as
G as  p r e s s u r e  
M agnetic  f ie ld  
D is c h a r g e  c u r r e n t
d ry  a i r  
18. 8 m m . Hg. 
1 ,1 0 0  g a u ss  
15 m A .
L ig h t  in te n s i ty  c o n to u r s :  a r b i t r a r y  u n i ts  - th e  output 
of th e  p h o to m u l t ip l ie r  in  m i l l iv o l t s .  Note  th a t  fo r  th is  
d ia g r a m  th e  h e ig h t  of the  c o n to u rs  v a r i e s  a p p ro x im a te ly  
lo g a r i th m ic a l ly  , r a t h e r  th a n  l in e a r ly  a s  i t  d o es  f o r  the  































FIG  A 1. T H E  SH A PE OF A DISCHARGE AT M ODERATE
PR E S SU R E  IN T H E  A R G O N /A IR  MIXTURE
G as a rg o n  w ith  1. 5% a i r .
G as  p r e s s u r e 1 0 .0  m m . Hg.
M agnetic  f ie ld 1 ,100  g a u s s .
D is c h a r g e  c u r r e n t 5 mA.
L ig h t  in te n s i ty  c o n to u rs :  a r b i t r a r y  u n i ts  - the  







































FIG  A 1 .3  T H E  SHAPE O F A DISCHARGE AT HIGH P R E S S U R E
IN T H E  A R G O N /A IR  M IXTURE
G as
G a s  p r e s s u r e  
M agnetic  f ie ld  
D is c h a r g e  c u r r e n t
a rg o n  w ith  1. 6% a i r  
17. 9 m m . Hg.
2 ,1 6 0  g a u s s  
5 m A .
L ig h t  in te n s i ty  c o n to u rs :  a r b i t r a r y  u n i ts  - th e  
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A ppend ix  2
LIQUID AIR L E V E L  C O N T R O L L E R
T h e  le v e l  s e n s o r  of th i s  d e v ice  i s  s i m i l a r  to  th a t  d e s ­
c r ib e d  by P U R S E R  and RICHARDS (Pu 59) of t h i s  l a b o r a to r y .
It c o n s i s t s  of a b r a s s  b u lb ,  w h ich  i s  lo c a te d  in  th e  co ld  t r a p ,  
c o n n e c te d  to  a m e ta l  b e l lo w s  by a le n g th  of n ic k e l  c a p i l l a r y  
tub in g . T h e  s e n s o r  i s  f i l le d  w ith  oxygen  to  a p r e s s u r e  of two 
a t m o s p h e r e s .  W hen  the  l iq u id  a i r  i s  in  c o n tac t  w ith  the  b u lb ,  
the  oxygen  i s  l iq u if ie d .  H o w e v e r ,  w hen  th e  le v e l  of th e  liqu id  
a i r  fa l l s  be low  th e  bulb  , th e  oxygen  e v a p o r a t e s ,  and th e  i n c r e a s in g  
p r e s s u r e  ex p an d s  th e  b e l lo w s ,  w hich  c lo s e s  a  m ic r o s w i tc h .  T he  
m ic r o s w i tc h  a c t iv a te s  a  so len o id  v a lv e ,  a l low ing  d r ie d  c o m ­
p r e s s e d  a i r  to  e n t e r  th e  liqu id  a i r  s t o r a g e  f la s k ,  and pum p 
liq u id  a i r  in to  th e  co ld  t r a p .  T h e  so len o id  v a lv e  i s  a S k in n e r  
q u ic k -e x h a u s t  3 -w ay  v a lv e ,  w hich  a l lo w s  a r a p id  r e l e a s e  of the  
e x c e s s  p r e s s u r e  in  the  s to r a g e  f la s k  on d e -a c t iv a t io n  of th i s  
v a lv e .
T h e  m ic r o s w i tc h ,  m o u n ted  r ig id ly  above  th e  b e l lo w s ,  
i s  of a d i r e c t ly  a c tu a te d  ty p e ,  r a t h e r  th a n  th e  type  a c tu a te d  by 
a sp r in g y  l e v e r .  T h e  l a t t e r  ty p e  show ed  a " h y s t e r e s i s ” in  th e  
sw i tch in g  p o s i t io n ,  r e s u l t in g  in  u n r e l i a b l e  o p e r a t io n  of th e  c o n ­
t r o l l e r .
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W hen th e  c o n t r o l l e r  w as  f i r s t  pu t in to  o p e r a t io n ,  the  
r a t e  of co n su m p tio n  of l iq u id  a i r  w as  p a r t i c u l a r ly  h ig h ,  and th e  
liqu id  a i r  l ine  r e g u la r ly  ic e d  up. T h e s e  t r o u b le s  r e s u l t e d  f r o m  
th e  h igh f req u en cy  of o p e ra t io n  of the  c o n t r o l l e r ,  due to  the  s h o r t  
t im e  d u r in g  which l iqu id  a i r  flow ed in to  the  co ld  t r a p .  (Much 
liqu id  a i r  i s  lo s t  in  coo lin g  th e  l iqu id  a i r  l in e  d u r in g  the  f i r s t  
s eco n d  o r  so  of the  t r a n s f e r  p r o c e s s ) .  T h e  s e n s o r  would sw i tch  
off the  c o m p r e s s e d  a i r  a lm o s t  im m e d ia te ly  th e  l iq u id  a i r  c a m e  
in to  c o n tac t  with th e  b u lb .  Indeed  i t  w as  s u s p e c te d  th a t  th e  s e n s o r  
w as t r i g g e r e d  by s p la s h e s  of l iq u id  a i r ,  r a t h e r  th a n  th e  s u r f a c e  of 
the  liqu id  a i r  in  th e  co ld  t r a p  r i s i n g  to  co m e  in to  c o n ta c t  w ith  th e  
bu lb . An RC t im in g  c i r c u i t  w as a r r a n g e d  so  th a t  th e  l iqu id  a i r  
would flow f o r  a s e t  p e r io d  of t im e  w h e n e v e r  th e  m ic r o s w i tc h  
was a c tu a te d ,  ev en  though  th e  m ic r o s w i tc h  sw itch e d  off d u r in g  
th is  p e r io d .  A s u i ta b le  c i r c u i t  f o r  th i s  p u rp o s e  i s  shown in 
f ig u re  A 2. 1. T h e  f req u e n cy  of o p e ra t io n  of the  c o n t r o l l e r  w as 
r e d u c e d ,  and b e c a u s e  of t h i s ,  a i r  eco n o m y  w as  im p r o v e d ,  and 
t ro u b le  due to  ic in g  re d u c e d .  T h e  "on"  t im e  w as  g e n e r a l ly  s e t  
a t 11 s e c o n d s .  (The "on" t im e  cou ld  have  b e e n  c o n t ro l le d  by a 
m o re  s im p le  m e th o d  th a n  the  RC c i r c u i t  u s e d  fo r  th e  p r e s e n t  
c o n t r o l l e r .  In  l a t e r  m o d e ls ,  i t  i s  p ro p o s e d  to  u s e  a  H o tw ire  V acuum  
Sw itch (m ade  by Surwic C o n t ro ls ) ,  w ith  r e d u c e d  h e a t e r  c u r r e n t ,
as  th e  t im in g  e le m e n t) .
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FIG  A 2. 1 T H E  TIMING CIRCUIT O F  TH E LIQUID AIR L E V E L
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T h is  d e v ice  h a s  the  a d v an ta g e  o v e r  a  c o m m o n ly  u se d  
eco n o m y  d ev ice  in  w hich  the  c o n t r o l l e r  i s  on ly  s e n s i t i v e  fo r  
s h o r t  p e r io d s  of t i m e ,  in  th a t  i t  i s  c o n t in u o u s ly  s e n s i t i v e ,  i . e .  , 
t h i s  d ev ice  w ill  c o n t ro l  th e  le v e l  a t  a l l  t i m e s  , w h ich  i s  p a r t i c u l a r ly  
im p o r t a n t  f o r  e x p e r im e n t s  of th e  ty p e  d e s c r i b e d  in  t h i s  t h e s i s .
T h e  c o n su m p t io n  of l iqu id  a i r  c a n  be v e r y  h ig h  d u r in g  th e  e x ­
p e r i m e n t s ,  b e c a u s e  of th e  h igh  p r e s s u r e  of t h e  g a s  in  th e  co ld
t r a p .
- 263 -
A ppendix  3
T H E  RAIL DISCHARGE E X P E R IM E N T
In o r d e r  to  f u r t h e r  in v e s t ig a te  the  s t r u c t u r e  of the  
d i s c h a r g e ,  p a r t i c u l a r l y  the  s t r u c t u r e  of th e  e le c t ro d e  re g io n s  
of th e  d i s c h a r g e ,  a s tudy  w as  m a d e  of a  glow d i s c h a r g e  d r iv e n  
along s t r a ig h t  p a r a l l e l  r a i l s  by a t r a n s v e r s e  m a g n e t ic  f ie ld .
T h e  d i s c h a r g e  tube  u s e d  fo r  t h e s e  e x p e r im e n t s  i s  shown 
in  f ig u re  A 3. 1. T h e  d i s c h a r g e  c u r r e n t  flow s b e tw e e n  d i a m e te r  
c o p p e r  ro d s  w hose  c e n t r e s  a r e  a p p ro x im a te ly  2 .4  c m .  a p a r t .
T he  e l e c t r o d e s  a r e  su p p o r te d  by f la n g e s  th a t  a r e  c la m p e d  to  
s h o r t  g la s s  tu b e s  a t  one end of the  m a in  g la s s  tu b e .  (See f ig u re  
A 3 .1 ) .  T he  f la n g e s  a r e  h e ld  in  p la c e  on th e  o u ts id e  ends of the  
tu b e s  by O - r i n g s ,  w hich  a lso  p ro v id e  a v acu u m  s e a l .  A f la t  g la s s  
v iew ing  p o r t  a t th e  o th e r  end of the  d i s c h a r g e  tu b e ,  e n ab le s  the  
d i s c h a r g e  to  be  in s p e c te d  a s  i t  i s  d r iv e n  a long  th e  r a i l s  to w a rd s  
an o b s e r v e r .  T h u s  t h i s  p ie c e  of a p p a r a tu s  c o m p le m e n ts  the  
" R a c e t r a c k "  c h a m b e r  and th e  Mk II c h a m b e r ,  in  th a t  i t  e n a b le s  
the  o b s e r v a t io n  of th e  s t r u c t u r e  of th e  d i s c h a r g e ,  looking  along 
th e  d i r e c t io n  of m o tio n  of th e  d i s c h a r g e .  T he  o th e r  c h a m b e r s  
a r e  s u i ta b le  only f o r  th e  o b s e r v a t io n  of th e  d i s c h a r g e ,  look ing  
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T he  d i s c h a r g e  w as  in i t ia te d  by a p u ls e  of 5 M e /s e c .  ra d io  
f r e q u e n c y  e n e rg y  f ro m  a "sq u e g g in g "  o s c i l l a t o r ,  a p p lied  to  tw o 
c o p p e r  r in g s  a ro u n d  th e  o u ts id e  of th e  d i s c h a r g e  tu b e .  T he  g a s  
b ro k e  down a t th e  end of the  r a i l s  at w h ich  th e  c o p p e r  r in g s  a r e  
lo c a te d  (n ea r  th e  O - r in g  s e a l s  - s e e  f ig u r e  A 3. 1), th e  d i s c h a r g e  
b e in g  d r iv e n  a long  th e  r a i l s  to w a r d s  th e  v iew ing  p o r t  by th e  T .  M. F .
T h e  d i s c h a r g e  w as  " p u ls e d "  by m e a n s  of a  r e s i s t a n c e -  
c a p a c i ta n c e  c i r c u i t .  A c a p a c i to r ,  C , w as  c h a r g e d  th ro u g h  a r e ­
s i s t a n c e  R-^, a n d , w hen  the  gas  b ro k e  dow n, d is c h a r g e d  th ro u g h  
a n o th e r  r e s i s t a n c e ,  R 9 . T h e  t im e  c o n s ta n ts  R-^C and R 2C w e re  
so  a r r a n g e d  th a t  the  r a t e  a t w hich  th e  c a p a c i to r  d i s c h a r g e d  w as  
g r e a t e r  than  th e  r a t e  a t  which i t  w as  c h a r g e d .  T h e  c a p a c i to r  
th u s  d i s c h a rg e d  u n ti l  th e  glow d i s c h a r g e  e x t in g u is h e d ,  and th e n  
c h a r g e d  un ti l  b re a k d o w n  o c c u r r e d ,  on a p u ls e  of r .  f . T h i s  m ethod  
of p u ls in g  the  d i s c h a r g e  w as  not v e ry  s a t i s f a c to r y ;  i t  i s  d if f icu l t  
to  v a r y  both  th e  d i s c h a rg e  c u r r e n t ,  and th e  d u ra t io n  of th e  flow 
of c u r r e n t .  T h e  e le c t r o d e  re g io n s  w e re  d r iv e n  th e  len g th  of th e  
r a i l s  , and  often  a s h o r t  d i s c h a r g e  b a c k  to w a rd s  th e  s t a r t in g  p o in t ,  
a long  th e  o u ts id e  of th e  r a i l s  d u r in g  th e  p e r io d  of c u r r e n t  flow .
T h e s e  e x p e r im e n t s  w e r e  not s u c c e s s f u l ,  a s  th e  p o s i t iv e  
c o lu m n  of the  d i s c h a r g e  w as only r a r e l y  o b s e r v e d  to  be  c o n s t r i c t e d .  
T h e  e le c t r o d e  re g io n s  w e re  b r ig h t ,  y e t  th e  r e m a i n d e r  of th e  d i s ­
c h a r g e  tube  o ften  a p p e a re d  to  be  qu ite  d a r k .  i . e .  , th e  " p o s i t iv e
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c o lu m n "  m u s t  occupy th e  e n t i r e  sp a c e  s u r ro u n d in g  th e  e l e c t r o d e s .  
T h is  i s  not so  v e r y  s u r p r i s i n g .  T h e  r .  f . b re a k d o w n  p ro d u c e s  
io n iz a t io n  p r i m a r i l y  a t  the  o u te r  w a l ls  of th e  d i s c h a r g e  tu b e ,  n e a r  
the  r in g s .  It i s  though t th a t  t h e r e  w as  not enough t im e  f o r  th e  
c u r r e n t  c a r r y in g  re g io n  to  " c o n t r a c t "  b e fo re  th e  d i s c h a r g e  e x ­
t in g u is h e d .
Som e m e a s u r e m e n t s  w e re  m a d e  of th e  th ic k n e s s  of th e  
ca th o d e  fa l l  r e g io n ,  and th e  d is ta n c e  f r o m  th e  ca th o d e  of the  
ju n c t io n  b e tw e e n  the  n e g a t iv e  glow , and the  F a r a d a y  d a r k  s p a c e .  
T h e  c u r r e n t  w as  a d ju s te d  so  th a t  th e  n eg a tiv e  glow s u r ro u n d e d  a 
l a r g e  p a r t  of th e  c i r c u m f e r e n c e  of th e  c a th o d e ,  and th e  p e r io d  of 
c u r r e n t  flow  w as a d ju s te d  so  th a t  th e  d i s c h a r g e  t r a v e l l e d  to  th e  
end of the  r a i l s .  M e a s u r e m e n ts  of t h e s e  d i s ta n c e s  w e r e  m ad e  by 
m e a n s  of a  W ild le v e l ,  f o c u s se d  on th e  end of th e  r a i l s .  T h is  
i n s t r u m e n t  can  only m e a s u r e  v e r t i c a l  d i s t a n c e s  - i . e .  , d i s ta n c e s  
p a r a l l e l  to  the  d i r e c t io n  of th e  m a g n e t ic  f ie ld .  V isu a l  o b s e r v a t io n  
in d ic a te d  th a t  th e  ca th o d e  fa l l  r e g io n  and th e  n e g a t iv e  glow w e re  
so m e w h a t  th in n e r  in  a d i r e c t io n  p e rp e n d ic u la r  to  th e  m a g n e t ic  
f ie ld ,  th a n  in  th e  d i r e c t io n  p a r a l l e l  to  th e  f ie ld .  T he  d i f f e r e n c e  
in  th e  th ic k n e s s e s  w as  only m a rk e d  a t  p r e s s u r e s  b e low  about 
8 m m .  H g , fo r  a f ie ld  of 2 ,1 6 0  g a u s s .
F r o m  m e a s u r e m e n t s  m ad e  a t z e r o  m a g n e t ic  f ie ld ,  and 
in  m a g n e t ic  f ie ld s  of up  to  5 ,0 0 0  g a u s s  f o r  a i r ,  a rg o n ,  h e l iu m ,
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and h y d ro g e n ,  i t  i s  e s t im a te d  th a t  th e  th i c k n e s s e s  of th e s e  r e g io n s  
in  a d i r e c t io n  p e r p e n d ic u la r  to  th e  m a g n e t ic  f ie ld  a r e  not r e d u c e d  
to  l e s s  th a n  70% of the  z e r o  f ie ld  v a lu e  a t  p r e s s u r e s  above 10 m m . Hg. 
T h is  in d ic a te s  t h a t ,  f o r  p r e s s u r e s  above  10 m m . H g , th e  a s s u m p t io n  
th a t  the  t r a n s v e r s e  m a g n e t ic  f ie ld  d o es  not in f lu en c e  th e  th ic k n e s s  
of th e  n e g a t iv e  glow , o r  th e  ca th o d e  fa l l  r e g io n ,  i s  not a bad
a s s u m p t io n .
- 2 7 0 -
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